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Chapter 22 


Intellectual Activities? 


Pierre Oléron 


l Introduction 


1 The psychologist and the question of intellectual activities 


The standpoint adopted in this chapter is that of the psychology 
of behaviour. That is why the term ‘activités intellectuelles’ 
(intellectual activities) has been used in preference to ‘pensée’ 
(thought), —although contemporary authors writing in English 
commonly refer to thinking and thought (cf. Humphrey, 1951; 
Vinacke, 1952; Osgood, 1953; Johnson, 1955; Bruner, Goodnow, 
Austin, 1956; Bartlett, 1958; Harms, 1960). It is presumably 
Possible to employ these terms without reference to a subjective 
Standpoint—and that is indeed what most of the above authors 
have done—but in dealing with a subject of this kind it is desir- 
able to avoid as far as possible all risk of ambiguity and mis- 
understanding. 

Experimental research is concerned directly with behaviour, at 
least nowadays when there is no longer any attempt to base 
experiments on introspection, as Binet and the Wiirzburg school 
had done. This is a point in its favour and it deserves recognition. 
On the other hand, the work that has been published failed, on 


1 It was neither possible nor desirable to turn the present chapter into an 
exhaustive summary of the research devoted to the questions with which it deals. 
or did we feel that we could select particular pieces of research and define 
them as objectively the most important (we must admit that there are no grounds 
Or objectivity). We have therefore included only those which illustrate the points 
that we feel to be significant. The bibliography likewise does not claim to be 
exhaustive but is more open, thus compensating for the limitations of the 

Summary presented in the chapter itself. 
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the whole, to organize itself around a general view of the facts 
under consideration. A frame was supplied by the Gestalttheorie 
and has been used to good purpose in research on problem 
solving (Kóhler, 1917; Maier, 1930, 1931, 1933; Duncker, 1935; 
Wertheimer, 1945). Learning theories appear to find a natural 
extension in the study of intellectual processes, some of which 
are a form of learning (concept formation) or present character- 
istics with which the theories are concerned (generalization, 
discrimination), or depend on factors of which the role is widely 
studied in elementary learning (reinforcement, motivation). In- 
formation theory (or, more precisely, the concept of information 
which goes considerably beyond it) is mentioned in connection 
with research on concept formation or problem solving. Even 
theories about decision have contributed a terminology of which 
some authors have availed themselves ('strategies' in operations 
of classification (Bruner, Goodnow and Austin, 1956; cf. Piaget, 
1957, vol. II, ch. 2), or else have supplied the material for the 
mathematical analysis of various problems (Kochen and Galanter, 
1958),—not to mention the recent (and possibly fundamental) 
perspectives opened up by the performance of ‘electronic brains’, 
capable of reasoning logically and of proving theorems (Newell, 
Shaw and Simon, 1958, 1960; Gelernter and Rochester, 1958; 
Gelernter, 1960 . . .). 

The experiments themselves do not present any great degree 
of coherence, and are not conspicuously better in this respect 
than everyday language in which expressions such as reasoning, 
judging, understanding, explaining, inventing, inducing, deduc- 
ing, evaluating, abstracting and solving a problem . . . all refer 
to real acts which are not, however, assigned a position in relation 
to one another. Indeed, it is hard to believe that all these different 
words correspond to separate realities. 

As any summary must refer to psychology in its present state 
and not to an ideal state of affairs, we have to accept this situation. 
We have, however, felt that it was possible to reduce the lack 
of coherence by devoting only a little space to theoretical notions. 
What matters, in the present state of things, is surely the psy- 
chologist's ability to establish a correspondence between notions 
and objectively observable behaviour and to determine what are 
the conditions upon which he can show this behaviour to depend. 


This is the aspect upon which we have concentrated. 
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At the same time, it is not entirely impossible, without sacrific- 
ing any essential, to reach a standpoint from which a tentative 
organization begins to emerge. 


2 Three key-concepts 
This tentative organization could be as follows: 
(a) TWO ESSENTIAL FEATURES OF INTELLIGENCE 


Intellectual activities can, we feel, be characterized by two 
essential features (cf. Oléron, 1961 b). 

In the first place, they are activities which operate by means of 
long circuits. This can be clearly seen by comparison with reflex 
actions. In the latter, a response is immediately evoked by a 
stimulus according to a mechanism which is at once ready for 
action. This is not so with the détour, a familiar notion to all who 
have studied intelligence. The détour is the long-circuit type 
of behaviour. Using a tool, a fortiori making one, both typical 
manifestations of intelligence, also belong to this type, by com- 
parison with responses which involve only the organism itself 
(direct grasping, etc.). 

In the second place, intellectual activities involve constructing 
and using schemata or models relating to the objects which the 
subject perceives and upon which he acts. The most elaborate of 
these models are the symbolic systems with which civilized man 
is constantly concerned. These include language, specialized 
languages such as mathematics, and various figurative plans and 
Schemata. Nevertheless there are others, less socialized and less 
completely objectified (and therefore less accessible to the 
psychologist) upon which the subject may also rely in approach- 
ing a task or solving a problem. 

There are close links between these two features of intelligence 
and it would be a misconception to try to make them correspond 
respectively to the two ‘forms of intelligence’ which are classically 
set against each other: ‘practical intelligence’ and ‘abstract (or 
symbolic) intelligence’. In actual fact, every response which 
brings into play any properties of objects which go beyond their 
immediate appearance can be considered to imply a model that 
is at least implicit, not necessarily conscious or expressible by the 
subject but liable, without fundamental change, to become so. 
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As for models which can be completely objectified, they play a 
part only in so far as they are integrated to response schemata 
actually made use of by the subject and so do not remain external 
objects which may be contemplated but no more (it is only on 
this condition that language is effective, otherwise one has the 
classical case of the subject who can describe a situation but not 
respond to it adequately). 


(8) THE NOTION OF SCHEMA 


The two concepts referred to above are no more than the elements 
of an, as yet, external description and it is possible to go beyond 
this. 

In the psychology of behaviour, only stimuli (or situations) and 
responses are considered admissible as factual data. However, 
what matters in psychological activities in general, and in intel- 
lectual activities in particular, are the connections which are 
established between given stimuli and given responses, so it is 
normal to use concepts which seek to express these by providing 
a convenient expression or, possibly, by suggesting a hypothesis 
concerning the underlying mechanisms. It is in this way that the 
concept of schema can profitably be used, as has already been 
done by several authors, from Kant to Burloud and to Piaget 
(in contexts which, however, are far from being identical). 

The connections between stimuli and responses are flexible 
and multiform. This is particularly marked in the case of intel- 
lectual activities but it is also a general characteristic of psychical 
processes. A relatively wide range of stimuli can arouse an 
identical response (generality or generalization). An identical 
stimulus may evoke perfectly distinct responses according to the 
existing constellation of the stimuli—or to their sequence (ab- 
straction, invention). (This characteristic can easily be linked to 
the existence of long circuits, which are naturally multiple, and 
to that of models, which introduce new and varied elements into 
the stimulus-response cycle.) This diversity does not mean 

anarchy; on the contrary, it presents regularities, for example we 
find that stimuli of a particular category all provoke the same 
response (stimuli of a given colour or shape) and the responses 
concerned belong to well defined categories (actions centred on a 
particular element of an experimental set-up, such as a bolt in the 
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case of a practical problem, etc.). The notion of Schema makes it 
possible to express this regularity, as a connection between a 
class of stimuli and a class of responses. 

At the same time, in so far as a Schema can be assimilated to a 
habit, it allows the intervention, not only of the plasticity just 
mentioned, but also of energizing (or dynamic) aspects by which 
it is possible to express the availability (or greater facility) of 
à particular response, the interactions (substitution, conflict, 
dominance) and the transformations which are determined at 
once by stimuli and responses and by other schemata belong- 
ing for instance to other Systems (language as distinct from action 
proper). From this angle, the notion of schema leads us back to 
certain notions put forward by authors such as Hull (habit 
strength, habit-family hierarchy, convergent or divergent mechan- 
isms), which are almost certainly valuable (cf. Maltzman, 1955). 


3 Main types of intellectual activities 


As mentioned above, intellectual activities are diverse, as sug- 
gested by the number of words used to designate them. One can 
try to find a guiding thread to present them—and first to repre- 
sent them to oneself—by using the concepts mentioned above. 

If we take first the basic situation in which the subject finds 
himself confronted by stimuli to which he must respond, not ina 
reflex or habitual manner, but in an intellectual way, several 
cases can arise. In one of these, the stimuli may present a regular- 
ity which is not immediately perceptible. The subject must then 
discover the regularity; in other words, he elaborates a response 
schema which is based on, and adapted to, the stimuli. It is 
Correct to speak here of inductive processes. Another case, directly 
Opposed to the first, is that in which the appropriate schema is 
immediately applied to the stimuli: the subject fits them into the 
frame which is already at his disposal. One should then speak of 
a process of subsumption, a term which has not been used by 
psychologists but which is logical. 

It is probably somewhat academic to draw a radical distinction 
between these two types of process, since a schema is not con- 
Structed ex nihilo and the subject always approaches stimuli with 
an equipment of responses already constituted (especially when 
the experiments are carried out on adults, as is usually the case), 
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It is none the less true, that, from the point of view of what might 
be called the ‘dosage’ of accommodation and assimilation, to use 
the terms aptly used by Piaget, the distinction is justified when 
applied to tasks which can be submitted to experimental enquiry. 

It should be added that subsumptive processes have been 
relatively neglected. This is understandable as subsumption is 
typically an immediate and automatic process, which hardly 
seems to present a problem and indeed scarcely appears dis- 
tinguishable from a habitual or reflex action. Classifying is a 
subsumptive process but it interests psychologists in so far as it 
has an inductive aspect, consisting in the discovery or adaptation 
of classes appropriate to the stimuli. That is why we shall not 
devote a special section to subsumptive processes. 

The nature of reasoning (or inference or deduction) is quite 
different. Here the subject does no more than combine schemata 
without reference, in extreme cases, to stimuli which would 
control or modify them. These combinations normally refer to 
symbolic material and in the ideal case they obey formal laws of a 
logical or mathematical nature. 

Problem solving is a combination of the processes of induction 
and of subsumption. For in solving a problem one approaches a 
situation armed with a number of response schemata which one 
tries to apply to it but which prove ineffective and so must be 
modified or replaced by others, which one has to invent. A 
problem can be said to exist when the subject finds himself really 
disarmed in the face of the stimuli, hence the importance attached 
to invention (which, nevertheless, it must be remembered, never 
arises ex nihilo). 


2 Inductive activities 


Induction is the process in which the subject extracts, from data 
presented to him, regularities or constancies which are not 
immediately apparent. The term ‘education’, invented by Spear- 
man (1932-1936), is also apt in this connection since it means ‘to 
draw out from' and it is possible to present inductive processes 
as calling for an operation of this kind. 
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1 Experimental study of various forms of induction 


The regularities which the subject may be led to discover take 
various forms. We have found it convenient to divide them into 
three groups: laws, relations and concepts. Admittedly, on the 
theoretical plane, this division is hard to justify (a law is in a 
sense a relation—while a concept may be considered as a system 
of relations or laws). However, on the practical plane—and that 
is all we ask of it—it enables us to distinguish and classify various 
experimental situations which have been used by psychologists. 


(A) THE INDUCTION OF LAWS 


The law which has to be discovered may be a physical one and the 
subject may find himself in the same situation as the scientist who 
tries to formulate a law about a given phenomenon. This is the 
situation which Inhelder and Piaget (1958) adopted in their study 
of adolescents. 

Usually authors, concerned with less mature subjects and 
having more analytical ends in view, have had recourse to simpler 
situations. 

A number of classical experiments draw on temporal or spatio- 
temporal laws. Let us recall the main ones. Révesz had the idea 
of using serial laws, with monkeys and children as his subjects. 
The subject is confronted with the task of choosing the ‘right 
one’ from a series of boxes. The ‘right one’ (which contains a 
reward) varies from one trial to the next, being in turn the first, 
the second, the third, etc., or the first, the last, the second, etc. 
(Révesz, 1923 a, 1923 b. For an adaptation of this set-up, see 
Oléron, 1957). 

Jenkins' three-plate apparatus is based on a similar principle 
(cf. Fig. 1). 

In the double alternation temporal maze (Hunter, 1920; 
Gellermann, 1931 a), the subject must learn to go twice to the 
right, then twice to the left, before he can get out (the apparatus 
is worked by a system of doors which the experimenter bolts 
and unbolts, without the subject's knowledge, as he proceeds 
through the apparatus) From this was derived the double 
alternation box-apparatus, in which the subject has to discover 
that, out of two stimuli, first the right-hand one and then the left 
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Fig. 1 JENKINS’ THREE-PLATE APPARATUS 


A door, D, opens when the animal steps on the plates in the correct 
order. In the above example, he must step on plates 1, 2, and 3, then come 
back to 2 to open the door and obtain a reward. (After Fjeld, Genet. 


Psychol. Monogr., 1934, 15, 403) 


are positive twice consecutively, etc. (Gellermann, 1931 b, 
Hunter and Bartlett, 1948 (Figs. 2 and 3). 

These types of apparatus can be adapted for work on more 
complicated laws (inter alia triple alternation, which has been 
used to assess the capacity for generalization of subjects who had 
already solved double alternation, Oléron, 1957). However, 


Fig. 2 TEMPORAL MAZE USED WITH HUMAN SuBJECTS 
By GELLERMANN (1931) 
Owing to the bolting and unbolting of the various doors, the subject 
cannot escape from the maze until he has been twice round the right-hand 
block and twice round the left-hand block (or vice versa). (After J. Genet. 
Psychol., 1931, 39, 52) 
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double alternation and especially the temporal maze have proved 
quite difficult enough for the subjects tested (animals, young 
children). (For details of other experimental set-ups, see de 
Montpellier, 1949, 157.) 

Many other laws can be imagined besides those just mentioned, 
but in experimental research psychologists have not made undue 
efforts to invent any (as an example of an original type of law we 
can mention that formulated by Gréco who watched children 
and adults discovering it (in Piaget et alia, 1959 vol. X) and as an 
example of a set-up which lends itself to a great variety of com- 
binations we have the P S I devised by John and Miller, 1957). 


Fig. 3 Apparatus USED BY HUNTER AND BARTLETT (1948) 
To Stupy DOUBLE ALTERNATION 


A system of bolts behind the panel makes it possible to open the left-hand 
box once and then a second time, then to open the right-hand box twice, 
and so on. (After F. exp. Psychol., 1948, 38, 559.) 


On the other hand, the authors of tests show a great variety of 
invention. Symbolic material lends itself to the most varied 
combinations and it is possible to devise problems with a high 
degree of complexity. A basic form of these tests is to be found in 
mathematical progressions where reason supplies the law, which 
has to be discovered from given elements; another basic form 
Consists in classifications, where the subject must find the 
characteristics common to several figures, etc. 
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One form of law which has relatively recently been studied is 
that of probabilistic laws. A typical experiment consists in 
presenting to the subject a succession of alternating events, each 
appearing with a well defined (and complementary) probability. 
For example, there are two lights, a white and a red; one or the 
other appears and, in the course of a series, one flash in two may 
be red, or one in three, one in four, etc. The subject must state in 
advance which light is going to appear. Naturally, exact pre- 
diction is impossible since the event occurs at random, but the 
interesting fact is that the Subject succeeds in making predictions 
which come very close to the probability of the event. (Refer- 


ences will be found in Hake, edited by Quastler, 1955, 257, and in 
Matalon in Piaget et alia, 1959, vol. X, 90.) 


(B) THE APPREHENSION OF RELATIONS 


The prototype of experiments involving the apprehension of a 
relation is to be found in those to which Gestalt psychologists 
have given so much prominence. Kóhler's chicken (cf. Ellis, 1938, 
217), trained to choose the lighter of two greys, (gf), then put in 
front of gf together with an even lighter grey (gt), went on 
choosing the lighter of the two, i.e. gf, although they had not 
Come across it before in the course of the experiment. It was as if 
the birds had discovered the relation "lighter than' and were 
continuing to respond to it (results of this type had already been 
observed before Kóhler; for a historical account, see Gulliksen, 
1932). 

Psychologists have used a fairly wide range of relations; besides 
lightness, they have introduced size, weight, speed (Oléron, 1957) 
and multiplicity (for references, see de Montpellier, 1949, 142). 
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Fig. 4 CHOOSING THE OBJECT WHICH IS THE ONLY ONE 
or rrs Kinp (Oppity PROBLEM) 
The subject's response is independent of the form of the stimulus since 
all that counts is that it should be the only one of its kind. (After Harlow 
in Stone, Comparative Psychology, 3rd ed., New York, Prentice Hall, 
1951, 189.) 


to pairs of stimuli, some made up of identical stimuli, others of 
different stimuli (Fig. 5) (Oléron, 1962 a). 

It can be disputed whether the term 'induction' is appropriate 
in the case of an experiment such as Kóhler's, which involves a 
Spontaneous reaction of the organism (one can also dispute the 
use of the word ‘relation’ in place of ‘structure’). Nevertheless, 
in the other experiments, it is through learning that the subject 
succeeds in isolating the element to which he must respond while 
neglecting those that are not reinforced. 


(c) APPREHENSION OR FORMATION OF CONCEPTS 


a) The meaning of ‘concept’ in experimentation. From the stand- 
point of the psychology of behaviour, a concept is not an object. 
When a subject apprehends a concept, he is not undergoing a 
Specific cognitive experience: he is manifesting regular kinds of 
behaviour which can be observed by psychologists. 

It is true, of course, that in the case of a child, for example, 
forming concepts is indeed acquiring knowledge, but this 
acquisition of knowledge is nothing more than an increase in his 


‘know-how’. The child who learns what a dog is learns to react to 
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Fig. 5 STIMULI AND MODELS USED IN THE STUDY OF RESPONSES 
TO THE IDENTITY-DISSIMILARITY RELATION WITHOUT 
RECOURSE TO LANGUAGE 
'The set-up comprises two models (identical human figures: 2 men and 
different human figures: a man and a woman) in front of which the 
stimuli must be placed according to whether the pairs that they form 
are identical or different. From top to bottom one finds specimens of 
stimuli for speed (rotating discs surmounted by human figures), shape, 
colour, size and resistance (small bars which are more or less rigid under 
pressure). (Oléron, Psychol. franç., 1962, 7, 6.) 
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real dogs and to words relating to dogs in a way which conforms 
more and more to the habits of those around him, both in his 
conduct and in his remarks. The study of this evolution remains 
on the plane of observation. 

The study of children can teach us facts that are of great inter- 
est by showing us how the ideas which they form on a given 
subject evolve, but it comes up against a number of difficulties. 
In particular, some investigators have been too inclined to limit 
their investigations to the verbal field, seeking to find the meaning 
which the child attaches to particular words, that is to say, the 
systems of translations which he can establish between the words 
in question and other words. From this standpoint, difficulties of 
communication arise between the subject and the psychologist 
who is questioning him, as the latter sometimes forgets that the 
words used by the child do not necessarily mean what he himself 
takes them to mean. Besides, descriptive study, though interest- 
ing, is limited, as it does not reveal much about the conditions on 
which the evolution of concepts depends nor about the mech- 
anisms involved. 

Experimental research, on the contrary, is relatively indifferent 
to language; behaviour whichis attributed to concepts is essentially 
considered from a formal point of view and although the form 
it takes can be expressed with words, it is usually envisaged in 
terms of actual behaviour. | 

The formal properties of concepts, in the eyes of psychologists, 
lie in the fact that concepts can be considered as classes: behaviour 
is attributed to a concept when the subject makes an identical 
response to stimuli belonging to the same class, whatever differ- 
€nces there may otherwise be. Hence, typical experimental situ- 
ations consist in putting before the subject various instances ofthe 
concept that is being considered and observing his reactions to 
See whether he responds in a coherent manner. 

b) Fundamental methods. The concepts that are used may be 
"natural' in that they form part of the subject's actual experience 
(size, shape colour, . . . ) or ‘artificial’ (often they are made up of 
an arbitrary combination of real concepts). The former, excluding 
Complex cases of ‘masking’, are easier to apprehend, in principle, 
than the latter, with the result that they are used mainly in 
experiments with animals and children. . 

I. In experiments using the first type of concept, there is a 
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method accessible to subjects of the lowest level and similar 
to the one described in connection with relations. The subject 
is trained to choose a positive stimulus while neglecting another 
(negative stimulus). When this has been learned, the positive 
stimulus undergoes a number of variations. These are intended to 
test whether the subject is in fact responding to the general 
aspect common to the various stimuli or, failing this, to widen 
his learning and see whether it is possible in this way to assist 
him to develop a response to the general aspect. 

Experiments of this type include those carried out by Fields 
(Fig. 6) on rats (1932), by Gellermann (1933) and Klüver (1933) 
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Fic. 6 SERIES OF STIMULI USED BY FIELDS (1932) TO 
STUDY THE RESPONSES OF THE CAT! TO THE ‘CONCEPT’ OF 
TRIANGULARITY. (After Comp. Psychol. Monogr., 1932, 9, 8.) 
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on monkeys, and by Gellermann again (same reference) and 
Long (1940) on young children. (For a summary analysis of 
this kind of research see Munn, 1955, 134-135 and 318.) 
With subjects of a higher level Hull's method is often used, as 
described below, but with figures referring to real concepts. Thus, 
1 Translator’s Note: Rats, not cats, were used in Fields’ experiment, 
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Heidbreder (1946) used drawings of concrete objects (faces, 
buildings, trees), numbers (2, 5, 6) and geometrical figures 
(which apart from the circle do not, however, correspond to 
anything that is part of everyday reality) (Fig. 7). 


Series I Series II Series III Series IV 
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Fig. 7; MATERIALS USED BY HEIDBREDER (1946 a) IN 
One or Her EXPERIMENTS 
The above shows only some of the series presented, each of which con- 
tains a specimen of each concept: face, building, tree, the numbers 2, 5 
and 6, and three geometrical figures, among them a circle. (J. gen. Psychol., 
1946, 35, 182.) 


Instead of figures, one can use words on the same principle 
(cf. Reed, 1946; Underwood and Richardson, 1956 a, 1956 b; 
Underwood, 1957). 
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2. Experiments with the second type of concept are inspired 
by those devised by Hull (1920). Figures—in this case Chinese 
characters—are associated with nonsense syllables (oo, ver, ii, 
ta, . . . ). The subjects must learn to produce the syllable corres- 
ponding to the character presented to them. The same syllable 
corresponds to several characters, but all those associated with the 
syllable have a common element (a root) interwoven with different 
elements. After a number of trials, subjects called upon to say 
the syllable associated with the type of character succeeded 
more and more and managed to give the right syllable when 
shown characters which they had never seen before (Fig. 8). 


Fig. 8 Specimens or HuLL's MATERIAL (1920) 
Each stimulus of a series contains one of the roots shown on the left, 
which is the common element, characterizing the ‘concept’. (After 
Psychol. Monogr., 1920, 123, 10.) 


Subsequent experiments, beginning with Smoke (1932) 
eliminated recourse to a common element as stemming from a 
naively empirical conception whereby a concept is characterized 
by the presence of a common material element. 

Smoke used geometrical figures in which the elements present 
definite relations and these relations form the essence of 
the concept (Fig. 9). Many authors use concepts made up of the 
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combination of several 'natural' characteristics (this is the 
principle underlying the Hanfmann-Kasanin test) (Oseas and 
Underwood, 1952: size and shade; Kurtz and Hovland, 1956: 
Shape and position, etc.). As the nature and number of these 
combinations are almost infinite, the degree of complexity of 
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Fig. 9 SPECIMENS OF ‘CONCEPTS’ USED BY SMOKE (1932) 
On the left, a specimen of the concept, on the right a related figure which 
does not, however, conform to the definition. Dax: a circle with a dot 
inside and a dot outside. Vec: an equilateral triangle with a perpendicular. 
Zif: three dots, the distance between the two furthest being twice that 
etween the two nearest. Tov: a square with four crosses, each side of the 
Square having a cross that is nearer to it than to any other side. (After 


Psychol. Monogr., 1932, 191, 12.) 


the material and, consequently, the difficulty of the test can vary 
widely. As a result, it is sometimes difficult to compare experi- 
mental situations and results. Hovland (1952) greatly helped to 
facilitate analysis by distinguishing between dimensions and 
values. A dimension can, for instance, be shape and its values 
are triangles, squares, circles, etc., just as yellow, green and red 
are values on the dimension of colour. He showed that the com- 
plexity of material increases as a function of the increase in 
the number of dimensions and values, according to the formula: 
Vd, where V = the number of values and d the number of 
imensions. 
«3: The reader may have noticed that with these procedures the 
Class? aspect of the concept plays no specific part. However, 
an affirmation that a given stimulus is a ‘Vec’ while another is 
Not is indeed a way of classifying the stimuli. The classification 
technique makes the matter more explicit. It is clear that group- 


ing all the objects which are ‘Vecs’ amounts to the same thing as 
a 
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stating the ‘name’ each time. The advantage, however, lies in 
the elimination of a superimposed symbolic element which 
makes the task harder for some subjects and of a factor of 
association and memorization, which is in no way implied 
in intellectual activity as such (cf. Richardson and Bergum, 
1954). 

In the discovery of classifications, the subject can be given a 
free hand or he can be guided, either by clues in the material 
itself (indications given beneath the Hanfmann-Kasanin material, 
reference marks behind the stimulus cards), or by the reactions 
of the experimenter who lets him know whether his response is 
right or wrong. 


(D) COMPLEX TESTS 


The standard tests which clearly show inductive processes at 
work are simple, in that only one law, relation or concept is 
involved at a time. Many tests lack this simplicity and subjects 
are required to adapt to situations that include multiple regular- 
ities. They must take them all into account and combine them or 
consider them successively. 

Where laws are concerned, let us mention Vincent’s experi- 
ment (1956). Stimuli having two characteristics in common, such 
as form and dimension, but differing in another respect (colour) 
are presented. The subject must choose a third stimulus which 
agrees with them. The test proceeds from form-dimension 
combinations to form-colour and colour-dimension combinations. 
In the final part of the test, the three principles are present 
in turn. Let us also mention the test which Young and Harlow 
(1943) succeeded in making monkeys perform. They had to 
choose the ‘odd’ object but the colour of the tray determined 
whether the correct object was the one which was odd in form 
or the one which was odd in colour. 

Where relations are concerned, it is possible to pass from 
responses to one type of relation to responses to another type, 
provided material is used which comprises several character- 
istics simultaneously, size-lightness for example. The most 
characteristic situation is reversal. The subject is for example 
trained to respond to the smaller of two stimuli, then suddenly 
the positive stimulus becomes the larger of the two (Fig. 10). 
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Lastly, where concepts are concerned, one finds that learning 
Situations devised for adult subjects generally introduce several 
concepts and concrete instances of these are intermingled (cf. 
Hull, Heidbreder): the subject must therefore sort the various 
stimuli in order to group them around their respective ‘nuclei’. 
The fundamental situation consists in what are called multiple 
classifications of which the basic example is the Weigl-Goldstein- 
Scheerer colour-form sorting test. The subject has a choice 
between two principles of classification: form or colour, but when 
he has adopted one of these, he is asked to change over and to 
adopt the other (Weigl, 1927, Goldstein, Scheerer, 1941). 
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Fig. ro ExaMPLE OF REVERSAL AND Non-REVERSAL SHIFTS 
IN Responses TO A RELATION 


In the first part of the experiment, the positive stimuli are the largest. 
The reversal shift consists in making the small stimuli positive. The 
non-reversal shift consists (in this case) in making black stimuli positive. 
(Kendler, in Current Trends in Psychological Theory, University of 


Pittsburgh Press, 1961, 193.) 


Reversal situations all belong to one of two main types: either 
the subject is given verbal instructions to change his classificatory 
Principle (Weigl-Goldstein for instance) or else the experimenter 
merely sets about reinforcing responses according to the new 
Principle and the subject must adapt himself to this change 
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(Wisconsin sorting card, for example; Berg, 1948) (cf. Fraisse, 
1956, 224). 

It may be useful to point out that these are very different 
psychological situations. In a sense, the first one makes the task 
easier since the subject, having been warned, is in far less danger 
of persevering in error. At the same time, it forces him to take the 
initiative in discovering the new category (or one of the new 
categories) while with the second method the category is chosen 
by the experimenter whom the subject can follow thanks to the 
reinforcement of his responses. That is why the same category 
of subjects can do badly in a test of the first type (Oléron, 1951) 
and achieve normal results in one of the second type (Rosenstein, 
1960). If one disregards the differences between the two tech- 
niques, one will fail to understand why the results disagree. 


2 Conditions affecting induction 


Every induction implies an abstraction. Complex data are put 
before the subject who can respond to the regularities in the data 
only by isolating them from accessory or perturbing aspects. 
In so doing, he is abstracting. 

Among the conditions which favour induction, we therefore 
find those which make abstraction easier. Let us note in this 
connection that there is no such thing as a psychology of abstrac- 
tion, the data of which could be used to throw light on the present 
problem. The literature on abstraction dates from the early days 
of psychology and is totally inadequate, since it starts from a 
subjective standpoint. (Külpe considered abstraction to be the 
process of bringing certain elements into the foreground of 
consciousness.) Subsequently, the word has hardly found a place 
in books on psychology. Actually, it is through the study of 
specific tasks of an inductive type (mainly concept formation) 
that an understanding of abstraction can best be reached. 

Every induction implies a certain degree of generality in the 
responses (we are deliberately avoiding the admittedly convenient 
term ‘generalization’ on account of the empiricist postulates 
which it implies). Mechanical conformity to a stimulus pattern 
is a matter of learning pure and simple and not an event of an 
intellectual order. 

All laws are general, even in the context of experimental 
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situations: the proposed sequence can always be extended and it 
cannot be said that the subject has arrived at the law if he is not 
capable of this extension. The subject cannot be said to have 
discovered a relation unless he can apply it to different stimuli 
from those in which it first manifested itself. Experiments always 
comprise two stages: in the first stage the subject learns to respond 
to the positive stimulus (the one that is bigger, lighter in colour, 
lighter in weight, etc.). Whether he is in fact responding to this 
stimulus or to the relation as such can only be determined by the 
extent to which, when confronted with new stimuli, he continues 
to react in a manner that conforms with his original choices (it 
Sometimes happens that a subject maintains his response to the 
original stimulus when it appears in the second situation, in 
which case his response is absolute and not relational). In the 
same way, a concept can only be general: a triangle is always a 
triangle whatever its position, or dimensions, and whether it be 
equilateral, right-angled, drawn in dotted lines, or shaded red, 
green or black. ... 

'Thus, as in the case of abstraction, the conditions favouring 
the subject’s apprehension of the general character of a situation 
must also be present among those that assist induction. 


(a) VARIATIONS IN THE STIMULUS 


A general response can be obtained immediately when a stimulus 
is presented in one form only. A subject trained to respond toa 
triangle, for instance, or to the larger of two figures, will respond 
to triangles or to figures of different absolute sizes, which are 
later presented to him. Experiments have shown, however, that 
generality usually admits of limited extension only. Gradients 
of generalization have frequently been observed (cf. below) and 
the subject tends to cease to respond when the new stimuli are 
altogether too different qualitatively or quantitatively from the 
stimuli which aroused the original responses. . 

A subject who is trained to respond not to an immutable 
stimulus but to a range of stimuli subsequently becomes capable 
of reacting to varied stimuli. An example of this is found in 
experiments with animals. Harlow's macaque monkeys which 
Were trained to respond positively to a triangle later showed a 
Certain capacity for generalization. When trained to respond to 
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various triangles, their powers of generalization improved 
(Andrew and Harlow, 1948). 

This is also seen with human subjects. The study of failure to 
master certain mathematical notions shows that it is sometimes 
due to the fact that the subject can see no further than the partic- 
ular case which was used as an illustration. This can happen with 
the perpendicular to the base of a triangle. The child thinks of 
this as an internal feature of the triangle because that is how it 
was introduced to him in examples given by the teacher. Thus, 
he is at a loss when confronted with an obtuse-angled triangle 
where it falls outside (Mialaret, unpublished thesis). In the same 
way, it often happens that with a deaf child the meaning of the 
word taught him in an artificial school situation remains attached 
to the particular example chosen by the teacher. 

The fact is certainly of general significance when one wants to 
understand human capacity for generalization. This capacity is 
not due merely to a superior gift, but to a constant exercise in 
the course of which the child sees situations that are otherwise 
heterogeneous being treated in the same way. The child who is 
learning to form the concept of ‘dog’, applicable to all the various 
breeds which he may meet in reality or in pictures, is helped by 
the people around him, but it is also true that he is acquiring 
practice in a general exercise from which other tasks may subse- 
quently—or simultaneously—benefit. 


(3) DISSOCIATION BETWEEN THE QUALITIES OR ASPECTS 
OF A SITUATION 


James was right in saying that the possibility of discriminating 
between various qualities depended on the existence of dissoci- 
ations between the qualities. ‘If all cold things were wet and all 
wet things cold, if all hard things pricked our skin, and no other 
things did so, is it likely that we should discriminate between 
coldness and wetness, and hardness and pungency respectively? 
(Principles of Psychology, I, ch. XIII, p. 502.) 

James's view seems so obvious that the need for an experi- 
mental verification has not made itself felt. The only experiment 
which, to our knowledge, is related to this passage by James was 
one carried out by Gengerelli (1926). However, his perspective 
and technique (inspired directly by Hull's first study on concept 
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formation) make the experiment questionable. (One can, how- 
ever, quote the experiment by Detambel and Stolurow (1956), 
who showed that synchonous variations in essential and parasitic 
stimuli! made concept learning more difficult than when the 
variations were ‘asynchronous’.) 


SS OF THE ELEMENT TO BE 


(c) DISTINCTIVE 
ABSTRACTED 


We shall describe as ‘essential’ those elements or aspects to 
which the subject must react, and as ‘parasitic’ (or ‘accessory’) 
those which are present but do not count and so must be ab- 
stracted. 

a) It is easy to understand that the more clearly do the essential 
elements or aspects appear and stand out from the total situation, 
the more easily can the subject be led to take them into account 
and respond to them. " 

Thus, in the apprehension of relations a determining con- 
dition is that the subject should distinguish the elements between 
which the relation has been established. If they are too similar, 
the subject finds it difficult to make a discriminative response. 
It has been observed that discrimination could be facilitated by 
practice with clearly distinct stimuli (such as black and white) 
before going on to stimuli that are closer to one another (greys 
that are more or less related) (Lashley quoted by Leeper in 
Stevens, 1951, 746). 

A elated Ec the form of presentation, whether serial or 
simultaneous. It might also seem that in the apprehension of 
relations, the subject’s task would be made easier when the 
related elements are present simultaneously rather than serially. 
(The former is the original situation but the other, which appears 
far less natural, has nevertheless been widely used to test Spence s 
Conception, opposed to the Gestalt or relational jon seed 
One expects the same thing to apply in the formation o concepts, 
When all the stimuli corresponding to a concept are given at once 
instead of appearing in turn, as in typical learning dr 
(Examples of simultaneous presentation may be found in Bruner, 
Goodnow and Austin, 1956.) 


._| Translator's Note: The actual terms used by tl 
relevant and irrelevant stimulus components’. 


hese two authors were 
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In actual fact, experiments have not given results which would 
warrant a definite conclusion of this kind. In the case of relations, 
what appears to facilitate simultaneous presentation is the 
presence of a perceptual structure which is of course lacking in 
serial presentation. However, the importance of a structure of 
this kind and its superiority over the interaction of responses to 
each element has not been clearly established. It is probably a 
mistake to believe in a general solution, when the fact is that the 
level of subjects, and particularly their ability to compare stimuli, 
plays an important part, indeed a decisive one (animals and man 
are not identifiable from this point of view). In the matter of 
concept formation one must take into account the complexity of 
data; serial presentation is, in a sense, a means of analysing this 
complexity by causing the data to be considered successively 
and not ez bloc. But in this case the subject finds it more difficult 
to remember all the elements presented (cf. Reed, 1950, Cahill 
and Hovland, 1960). 

b) The ‘essential’ element, the one to which the subject must 
respond, is normally mixed with parasitic or accessory elements 
or aspects. It is easy to understand that the greater the number of 
these elements, the more difficult it becomes to abstract the 
essential (Archer, Bourne and Brown, 1955). 

As mentioned above, a number of concept learning situations 
are so arranged that instances of several concepts are put before 
the subject simultaneously. In that case, obviously, the elements 
corresponding to each concept are disturbing elements in relation 
to other concepts. The greater the number of concepts involved, 
the more is it to be expected that the task will be difficult. 
Similarly, the more the concepts to be induced are kept separate, 
the easier the task (Kurtz and Hovland, 1956). 


(D) CONDITIONS OF LEARNING 


An element of learning enters into every induction. The subject 
learns what is important in the situation which confronts him. 
The factors which condition all learning are present here. 

The most essential of these is obviously reinforcement. It 
plays an indispensable part in most experiments, since it serves 
to indicate what is important among the multiple aspects pre- 
sented by the situation. The subject chooses at random or 
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according to a hypothesis and it is the experimenter's sanction 
Which reveals to him whether or not his choice is correct. Where 
the response is left free (e.g. in the Goldstein type of classifica- 
tion), habits formed by previous reinforcements undeniably 
play a part. 

Some authors have tried to show how the factors operating 
in classical learning tasks also play a part in the formation of 
concepts and in the apprehension and transposition of relations: 
distributed practice (Oseas and Underwood, I952; Richardson 
and Bergum, 1954; Underwood, 1957); fixed-ratio schedules of 
reinforcement (Buss, 1950; Green, 1955); nature of reinforce- 
ment (Juzak, 1953; Terrell and Kennedy, 1957), etc. Research 
of this kind is not the most relevant where intellectual activity 
is concerned. 


(£) QUANTITY AND NATURE OF INFORMATION 


In every inductive task—at least in the tasks which are set in 
laboratory experiments—the subject is at the beginning in a state 
of uncertainty: he is given multiple data and cannot know in 
advance which will correspond to positive stimuli. The choices 
he makes and the approval they meet with lessen his uncertainty 
by supplying him with some information. Hovland (1952) 
analysed in this light some ‘concept learning’ situations, reduced 
to the problem of discovering which combinations, among the 
various characteristics or aspects of the stimuli, the experimenter 
had at the outset chosen as positive. 

An interesting feature of an analysis of this kind is that it can 
be used to determine a subject's ability to utilize information, 
Since it is possible to define the information supplied by each 
Stimulus. In theory, the subject, given a particular combination 
and succession of stimuli, should discover the relevant principle 
at the end of a given number of trials; if he succeeds, he has 
used the information perfectly, if not he has failed to use some 
of it. 

Already, Whitfield (1951), using a problem that is admittedly 
different (since the subject has to allocate objects to a number of 
Cells and is told each time by the experimenter how many objects 
he has correctly placed), had found (not surprisingly) that a 
human subject's performance is inferior to that of a machine 
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capable of using all the information supplied. This is in part due 
to the intervention of a factor of forgetfulness; as experiments 
extend over a period of time, the subject forgets part of the 
information received. 

Hovland and Weiss (1953) showed that subjects do not use 
information supplied by positive and negative stimuli with 
equal effectiveness. When the subject learns that some stimuli 
are not instances of the concept in question, he has more difficulty 
in discovering the concept than when offered stimuli that do 
represent it. This had already been discovered by Smoke (1933), 
in a less detailed analysis. 

Nevertheless, negative stimuli also supply information and 
assist in eliminating incorrect hypotheses. In general, a greater 
number of negative than positive stimuli is required to convey 
the same amount of information. A further difference is due to 
the fact that ‘concepts’ are not abstract entities but are derived 
from figures that are perceptually presented. As a result, the 
characteristic ‘big’ or ‘black’ is obviously suggested more 
directly when the subject sees big or black stimuli than when he 
sees small or white stimuli. 

This observation goes beyond the narrow and artificial frame 
of the experiments which led up to it. Educationalists have 
noticed that there are drawbacks in presenting to the pupil what 
the notion they wish to teach him zs not, even if at the same 
time they present what it is. The pupil becomes confused and 
makes poor use of the information conveyed by the negative 
stimulus. 

Since the subject cannot exploit to the best advantage the 
information supplied to him, a certain amount of redundancy 
appears necessary, as in verbal communications. This was shown 
by Bourne and Haygood (1959) still within the framework of 
‘concept formation’. 


3 The bases of abstraction and generality 


Since induction is characterized by the abstraction and generality 
of responses, one is naturally led to ask what makes both these 
possible. It is true that, in so doing, one is led beyond a simple 
statement of factual conditions to embark upon consider- 
ations that are more general but can only be said to be probable. 
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It is difficult to dispense with these, however, since we are con- 
cerned with fundamental processes. 

It must be remembered that these processes, while condition- 
ing induction, extend well beyond it. Generalization, for instance, 
enters into learning, even in its most elementary forms, and into 
conditioning (not only the stimulus which sets off the conditioned 
reaction is effective, but also similar stimuli), even in its most 
complex forms (transfer of a skill, whether manual or intellectual). 
This already suggests that a fundamental process is involved and 
this must be taken into account even if there is no question of 
considering it in all its aspects. 


(4) INTERPRETATIONS BASED ON THE PROPERTIES 
OF THE STIMULI 


The first explanation which can be put forward considers the 
properties of stimuli. 

a) Empiricist conception of the common element. From an empiri- 
cist standpoint—which the psychologist willingly adopts, prob- 
ably because he manipulates his stimuli like objects that are 
mutually independent—the objects to which the subjects react 
each have at the outset a distinct entity and are perceived in their 
individuality. Abstracting or forming a general concept consists 
in isolating what these objects may have in common. 

Associationalists have had recourse to singularly acrobatic 
reasoning in their attempt to show that the common element was 
literally an identical element present in the various objects con- 
cerned, Hull, in his fundamental experiment on concept forma- 
tion (cf. above), still adhered to this view. 

The classical objection to this conception is well known: 
in nearly all cases, there is no element which is identical in all 
the various instances of a concept. What element is there that is 
common to a basset hound, a greyhound and a spaniel . . . and 
yet, they are all specimens of the dog species. 

b) The role of relations. One might hope to resolve the difficulty 
by invoking, instead of an identical element, a common relation 
Present in the various stimuli. This was suggested by Smoke 
(1932). In actual fact, it has taken us no further, since either the 
relation in question is given in the stimulus, that is, perceived 
within it, in which case we come back to the notion of an identical 


27 


Pierre Oléron 


element, or else the relation is introduced by the subject, in 
which case we move beyond the empiricist standpoint towards a 
type of explanation that will be considered later. 

The Gestalttheorie has, it is true, shown that the alternative is 
not so simple and that the relation could at once be given per- 
ceptually and apprehended in a general way, as shown by the 
transposition experiments of the type mentioned above, the 
relation—or, more precisely in this case, the structure—being 
grasped like a melody which is still there when transposed into 
another register. Experiments, however, have shown that there 
are limits to the transposition of a relation and that transposition 
ceases to take place if the new stimuli are too far removed from 
the original stimuli. Relations—or structures—are like elemen- 
tary stimuli in this and a gradient of generalization! can be shown 
to apply to them, as to the stimuli, calling for the same kind of 
explanation. At the same time, we are indeed dealing with rela- 
tions and the ‘explanation’ valid in their case does not appear to 
extend to concepts. 


(B) INTERPRETATIONS BASED ON THE SUBJECT’S 
REACTIONS 


Another line of approach consists in considering the subject’s 
response rather than the properties of the stimuli. 

Two standpoints have to be considered here, corresponding 
in fact to two models of ‘generalization’ and of abstraction. 

a) Ignorance of differences. A subject’s response may be general 
simply because he is unaware of differences between stimuli. 

First of all, it must be noted that what we might call a ‘physi- 
calist’ attitude towards stimuli can lead to the setting of pseudo- 
problems of generalization. It is possible in effect, in considering 
the physical nature of stimuli, to pulverize them into a large 
number of separate elements (for example, when one takes into 
account wavelengths or vibratory frequencies). The fact remains 
that the subject’s response cannot be said to be general when he 
fails to discriminate between stimuli. 


1 The existence of this gradient has caused the Gestalt thesis to be brought 
into question. Spence (1937) tried to account for transposition phenomena by 
considering the relations between elements and not their structure. The hypo- 
thesis has led to numerous experiments but these cannot be considered here. 
Besides, the results obtained have often failed to agree. 
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A subject is often unaware of differences which he is in fact 
capable of perceiving (this can be verified by discrimination tests 
which make it possible, for instance, to determine differential 
thresholds). This is something which goes back to the funda- 
mental nature of perception, which in the first place is utilitarian 
and not a contemplation of objects in their individuality, as 
could be said of the vision of an artist who paints the portrait 
of a particular person. It is a response to objects and it appears 
from the start to admit more or less broad variations in their 
appearance. Even the physical and geometrical laws of the uni- 
verse are responsible for variations in the manner in which 
objects present themselves to the subject. As objects recede, they 
change in apparent size; as they revolve, they change shape; and 
as lighting alters, so they change colour. One is familiar with the 
way in which the organism reacts to maintain its constancy of 
perception. Similarly, the work of Piaget has shown that the 
child constructs the unity of an object by integrating the diversity 
and multiplicity of impressions to which the object gives rise. 
Objects lead to concepts in so far as they too comprise a number 
of characteristics and extend to a number of specimens. 

Experiments on instinctive behaviour have shown that animals 
can respond to lures (models) which are no more than a crude 
imitation of natural stimuli: the fighting fish takes up an aggres- 
Sive pose when confronted with models which give but a distant 
imitation of a male of its species (cf. Piéron, 1941, 93), the robin 
will attack a stuffed model of its species and even a mere bundle 
of feathers (Scott, 1958, 140). 

b) Active assimilation. A response may be general because it 
entails common treatment of different stimuli. 

It must not be forgotten that an organism's reaction does not 
depend on what objects are in themselves but on the interest 
Which they hold for it. Stimuli that are perceptually, and even 
objectively, different produce the same response because they 
have the same meaning for the organism. Dissimilar liquids and 
even fruits and roots can all quench thirst just as certain mush- 
rooms albeit different in colour, shape and size, can all poison or 
upset the organism. Classes are thus set up by the organism's 
Own reactions. It was for this reason that Rignano (1927) 
laid stress on affective classifications, to which he attributed an 
important role in concept formation. 
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Similarly, he insisted on the part played by ‘use’, as a result 
of which objects with different intrinsic properties are none the 
less treated in the same way. This is true but calls for further 
generalization, since the subject is constantly led, and in fact 
compelled, to bring stimuli together in order to give them a com- 
mon treatment. The influence of environment is more pressing 
here than nature alone can be since it introduces a large number 
of obligations and points of view. Is it not through this influence 
that a child learns to group in categories, to which he responds 
in an appropriate manner, the: members of his family (as opposed 
to ‘strangers’), the objects with which he may play (as opposed to 
those which he must not touch), the clothes he puts on to go out, 
those which he wears at home, etc.? All these everyday cate- 
gories are not based purely or simply on a likeness, for likeness 
alone could lead to the establishing of quite different categories. 
Even live categories such as an animal species, dogs for instance, 
are established as a result of social pressure. This applies a 
fortiort to notions, such as those in geography, the natural 
sciences or grammar, which are actually taught in school. 

The subject is not passive in all this. He does not accept 
external constraints but meets them half-way or else offers 
resistance. The way in which a child gropes in his use of words, 
his ‘abusive’ extensions or restrictions of meaning are classical 
evidence of this. 

This activity increases considerably in the case of more 
markedly intellectual tasks, free from the narrow restrictions 
imposed by a context. It is thus greater when the subject is 
dealing with the realities of scientific laws or, quite simply, is 
placed in various situations used in experimental psychology. 
These are strictly speaking problems and the subject plays a part 
by evolving hypotheses which can be tested in the course of the 
experiment. 

It would be a mistake, however, to overestimate the conscious 
and voluntary aspect of this activity. In many cases—if we exclude 
the case where the subject has to invent a completely new law— 
or even quite simply those occasions where the choice of subjects 
is not limited to psychology students, who have a ready tendency 
to look for principles that are infinitely more complicated than 
those thought of by the psychologist—we find that the subject is 
guided by the situation itself towards the regularity to which he 
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is to respond. This is so in the classical experiments on concept 
formation, in which similarity emerges and forces itself on the 
subject even before he has become conscious of it. Active inter- 
vention on his part is not thereby excluded but it operates on a 
particular level by making available responses which are formed 
during the course of the experiment or which, having been formed 
previously, are released and mobilized in accordance with the 
suggestions contained in the situation. 


4 Information gained by the use of complex tests 


It must be remembered that one of the uses of these tests, 
particularly the multiple classification tests, is to make it possible 
to determine the capacity for abstract thought and the plasticity 
of a subject or category of subjects. It is quite clear that 'abstract 
thought', considered as a level or a possibility of functioning, is 
much better assessed by tests which require the subject to 
manipulate simultaneously, and to arrange in time sequence 
Several principles of response than it is when he is merely 
required to follow indications more or less directly suggested by 
the stimuli perceived. (cf. Oléron, 1951.) This explains the use 
that Goldstein made of these tests on women patients with brain 
injuries, and other (more or less convincing) applications in 
psychiatry. 


(^) LEARNING SETS 


One of the first general facts to emerge from situations in which 
the subject must pass from one principle to another is that there 
is a phenomenon of facilitation, which causes him to adapt 
himself to changes better and better. This applies to the reversal 
of relations so that after the first reversal he takes quite a long 
time to respond correctly and makes many errors but, after 
Subsequent reversals, he makes fewer errors and succeeds more 
and more quickly in giving the right response. | 
Harlow (1949, 1950) suggested using the expression learning 
set to express this fact and he emphasized its bearing upon the 
Conception of learning which, in such cases, cannot be reduced 
to mere stimulus-response connections. 
It is clear that its significance extends beyond the field of 
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learning (as he also pointed out) and concerns intellectual 
activities. If subjects can be trained to make plastic inductions 
in an experimental situation, there is little doubt that everyday 
life itself offers opportunities for this kind of exercise, at least to 
adults. The child is trained to consider things from many aspects, 
if only because the words that designate them or the verbal 
expressions that relate to them imply multiplicity. It is certainly 
not easy to make a detailed genetic study of this training, but 
there is little doubt that it creates abilities which the normal man 
can use to deal with the natural or artificial tasks set before him. 
It is not easy to interpret cultural differences to which little study 
has been devoted in this connection. Nevertheless, it is not 
surprising to find a greater rigidity among subjects who are not 
used to the variations made possible by a highly developed 
culture and language. 


(2) REVERSAL SHIFTS AND NON-REVERSAL SHIFTS 


The most ingenious applications of reversal experiments were 
made by Kendler with various collaborators (see Kendler, 1961, 
for a general account and references). Kendler distinguishes two 
categories: reversal shifts in which the subject must respond to 
the characteristic which is the opposite of the previously positive 
characteristic and non-reversal shifts in which he must respond 
to a characteristic which is merely different (previously 'para- 
sitic’) (cf. Fig. 10). 

It has been found, at least with human subjects, that the first 
type of shift is easier than the second. This may appear a para- 
doxical result since it seems harder to acquire a response to 
a stimulus entirely opposed to the original stimulus than to a 
stimulus which is merely different 

The interpretation proposed by Kendler (1961) makes refer- 
ence to a process of mediation illustrated by the diagram on 
the next page. 

The mediator here corresponds to size, which evidently 
establishes a community between the big and the small stimuli 
by virtue of being a more general category to which they both 
belong. 

Thus it appears that the response is not simply the result of 
the subject's discovery of the characteristic which is immediately 
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present (and reinforced). The response schema which is brought 
into play in fact goes beyond the direct stimulus-response con- 
nection which alone is apt to receive attention at first. It is rich 
in generality and ambivalence. 


R large 
r, ------ S 
S size size 
R small 
Reversal Shift 
Fes S  —— Rlarge 
size size 
S 
?  ------ R black 


a 
brightness brightness 
Non-reversal Shift 


(c) ORDER OF DOMINANCE OF CONCEPTS 


Another category of facts concerns what, following Heidbreder, 
has been termed the order of dominance of concepts. Originally, 
the phenomenon was found to occur in situations where, accord- 
ing toa technique derived from Hull’s, the subject had to dis- 
Cover the ‘concepts’ corresponding to various figurative examples 
(cf. Heidbreder, 1946 a, 1946 b, 1947). It was observed that some 
of these concepts were on the whole discovered before the others. 

An order, parallel to the one just mentioned, was also found 
When using a completely different technique, that of multiple 
classifications.! If subjects are left free to choose several prin- 
Ciples of classification suggested by the material presented to 

1 Translator’s Note: Heidbreder’s term is free classification. 


33 


Pierre Oléron 


them, it is generally found that most of them will adopt the same 
order of preference and, broadly speaking, their choice of first, 
second and third principles will be the same (Heidbreder, 1948). 

Thus, among natural categories, the object comes first, num- 
ber comes last, form and colour occupying intermediate positions.! 
(In the table on page 35, the measure of performance is given by 
the mean number of series attempts required to obtain from the 
subject a coherent response to all the instances of the concept, 
Heidbreder, 1947; Heidbreder et alia, 1948.) 

Heidbreder engaged in lengthy analyses in an attempt to 
elucidate this question. We cannot enter into the dctails of them 
here. It seems to us—and that is why we mention her experi- 
ments—that it is not possible to interpret the facts by considering 
only the characteristics of the stimuli. It is true that these charac- 
teristics are not to be dismissed. In experimental situations 
dealing with concept formation or classification, as in real life, 
one must take into account perceptual similarities between 
stimuli, which create attractions and thus contribute to form 
groupings (on this point, cf. Grant, 1951; Dattman and Israel, 
1951; Oléron, 1961). One must not exaggerate the importance of 
perceptual similarities since the subject does not basc his in- 
duction and classification on them alone. What he perceives is an 
indication of what the object is, with its properties which go 
beyond what he can see. 

It is extremely significant that the order of dominance is again 
similar when using figures or words corresponding to them 
(Oléron, 1953). Words do not act through their perceptual value 
but through their meanings, which refer to what they designate. 
Cf. also Sigel (1954) who found that stimuli presented in three 
different forms of symbolization i.e. toy objects (concrete form), 
photographs and word-names of the objects, were treated in a 
comparable way throughout repeated classifications. The experi- 
ment is, however, disputable from a methodological point of 
view as the various forms of stimuli were presented to the same 
subjects. 


1 Naturally an order can be observed only with subjects who are capable of 
distinguishing clearly between various standpoints. This is a matter of genetic 
evolution. Ascoli (1950) observed that the ability to combine several principles 
of similarity increases with age. Subjects dominated by a concrete attitude also 
fail to establish a clear order of classification, since for them all qualities are as it 
were given at once and adhere to one another (Oléron, 1951). 
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Experiment A Experiment B Experiment E Experiment F 


Face 3 35 Bird 3 85 Form Er 6 76 Shoe 6 44 
Building 3 48 Tat 4 70 Form E2 9 20 Bird 6 60 
Tree 3 94 Face 4 9o Form E3 0. 72 Book 6 92 
Form Ar 4 46 Form Br 4 70 Red II O4 Red 9 32 
Form A2 5 os Form B2 7 oo Yellow ti 106 Yellow 9 92 
Form A3 5 19 Form B3 8 65 Blue 12; 12 Blue 11 24 
Number 2 6 14 Number 6 Or 35 Number 2 14 80 Number 2 14 28 
Number 6 8 76 Number 3 9 40 Number 4 16 12 Number 4 15 40 
Number 5 ro 22 Number 4 9 60 Number 5 r6: 32 Number 5 t8. .96 


(Forms Ar and Bı are circles.) 
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It is easier to understand what takes place if one envisages the 
subject as actualizing certain reactive tendencies when presented 
with the stimuli. Is it not true that the earliest, most firmly 
anchored, but at the same time most readily available tendencies 
are those which concern objects? An object is something that one 
touches, manipulates and moves, and to which one adapts one- 
self most frequently and most immediately. 

Heidbreder emphasized the ‘thinglike’ character of stimuli, 
which could well govern the hierarchy of responses. It would 
appear that this character is not an attribute of the stimuli 
themselves but that it lies in the implicit relations existing 
between them and the subject's activities, and thus in the reactive 
tendencies present within the subject himself. 


3 Reasoning 


Ambiguities of terminology are even more pronounced in the 
area of intellectual activity which we are now about to consider 
than in the others. The words ‘inference’, ‘reasoning’ and 'deduc- 
tion' could equally well (or ill) be used as headings for this 
section. 

'The intellectual activities to which we refer are operations— 
concatenation, combination—by which it is possible to arrive at 
affirmations and decisions from a given starting point without 
reference to additional data. 


1 The various aspects of reasoning 
(A) ITS THREE MAIN FORMS 


It is possible to distinguish three forms which to a certain extent 
correspond to three levels. 

a) Actually experienced inferences. The subject simply puts 
into operation response schemata which have already been 
constituted and which establish a connection between a given 
category of stimuli and gestures or actions which the stimuli 
could not spontaneously have produced. 
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b) ‘Material’ reasonings. These draw on a symbolism which is 
usually verbal but which may be made up of representations of 
an even more concrete nature. The way in which they unfold is 
determined by content, that is, by the objects to which the 
symbols refer and by the connections between them, as revealed 
by experience. Almost every inference which man uses is of this 
type, whether it be the deductions of a detective, those of a 
scientist or of a human relations expert . . . . The forms of reason- 
ing found in pre-scientific thought, or in the early stages of a 
science are particularly instructive because they often reveal 
faulty chains of reasoning, the inaccuracy of which (now apparent 
to us) serves to bring out the mechanism involved. 

c) Formal reasonings. These also have a symbolic basis, which 
may be verbal or specialized (symbols used by mathematicians 
and logicians). Chains and combinations of propositions proceed 
vi formae, i.e. they are not a mere reproduction of empirical 
connections. They obey rules defined within the system con- 
cerned. For example, syllogistic reasonings proceed by combining 
Propositions in a way which takes into account the relations of 
comprehension and extension between the terms (hence they 
can be symbolized by means of Euler’s circles).! This type of 
reasoning provides a framework into which any content can be 
inserted, even if it is devoid of sense (or if the combinations are 
devoid of sense). In logic, ab. b2c. .*. ac is valid whatever 
is designated by a, b, and c. The rules of logical sequence are 
determined as rules governing the use of the sign > (‘implies’). 
These rules are themselves formally defined on the basis of the 
relations between the various terms which may be introduced 
and their ‘truth’ or ‘affirmation’. 


r 1 We do not propose to give here the theory of syllogisms, butin order to make 
it easier to understand experiments which will be described later, it may be 
Useful to point out that syllogistic reasoning involves three terms (known in 
Classical terminology as the major, middle and minor terms). These enter into 
three propositions, which are the two premises and the conclusion. Propositions 
may vary in quality (affirmative or negative) and in quantity (universal or 
Particular), They are indicated as follows according to traditional notation: A = 
universal affirmative, I = particular affirmative, E = universal negative, 

= particular negative. The only valid syllogisms are those in which the 
Propositions respect the mutual inclusions or exclusions of the concepts corres- 
Ponding to the three terms, thus it is not possible to conclude anything from 
two I premises, nor from two O premises, etc. 
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(B) ACTUALLY EXPERIENCED INFERENCE 


Reasonings of type a), as described above, have not been specifi- 
cally studied. They enter, however, into most of the steps 
involved in solving a problem. By virtue of this, experiments con- 
cerned with problem solving bring in this type of reasoning but 
do not examine it in any systematic fashion. 

Let us not forget, however, that Maier (1929, 1936) drew on 
the notion of combination to characterize reasoning. His classical 
experiments on rats and on young children bring into play the 
idea that reasoning exists when the subject can use elements 
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Fig. 11 APPARATUS USED BY Mater (1936) To TEST REASONING 
IN CHILDREN 


It consists of pathways and four little booths to which 
child explores the apparatus th 
taken round the outside of the 
toy which he can set in motio: 
out to get another coin and the 


they lead. The 
en is led into Y (first experiment). He is 
apparatus from Y to W, where there is a 
n with a coin (2nd experiment). He goes 
experimenter makes him enter X, whence 
he must go back to the place where the toy is. This can only be done by 
combining the first and second experience. (J. Comp. Psychol., 1936, 
21, 358.) 
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from different experiences, gone through at different times, and 
combine them in a single step leading to the solution of the 
problem (Fig. 11). The results obtained by Maier (1936) show 
that young children of less than five or six years of age are not 
capable of achieving the combination of isolated experiences 
called for by his experiment. Kendler and Kendler (1956), on the 
contrary, discovered this ability in children of three to four. 
Their apparatus is different from Maier's (cf. Fig. 12) and this 
factor must be taken into account. Maier's apparatus implies the 
Construction of a more complex spatial model (the subject has to 
change his position) while Kendler's is such that he can proceed 
largely by associations. We feel that it is dangerous to try to 
assess ability to combine or to reason without reference to the 
objects and situations which form the context of these activ- 
ities, 
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Fig. 12 Apparatus USED BY KENDLER AND KENDLER (1956) 


TO STUDY REASONING IN YOUNG CHILDREN 

During the first part of the experiment the subject is placed in front of 
the apparatus, and by pulling first cord A then X (or the other way round) 
he can obtain a little toy with which he is allowed to play for a few 
Moments. During the second part, in which he is placed in front of the 
Side Opening from which the door has been removed, he can obtain a 
More attractive toy attached to A. During the third part, he is again 
Placed in front of the apparatus and asked to choose the cord which will 
give him access to the main toy. (J. exp. Psychol., 1956, 5x, 311.) 
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(C) REASONINGS WITH A SYMBOLIC BASIS 


It is mainly this type of reasoning which has been the object of 
experimental study. One can obviously refer to the notion of 
combination here as in the preceding case. It is a fact that com- 
bination is implied in reasoning but in this case the subject 
must not simply put together two elements in the experiment 
but a number of elements which refer only indirectly to the 
experiment. 

Syllogisms have been fairly extensively used (taking into 
account the small number of studies which we have mentioned). 
This may seem a conservative attitude on the part of psycho- 
logists and suggest ignorance of modern forms of reasoning 
(Moore and Anderson (1954) have, it is true, indicated the use 
that could be made of problems dealing with the calculus of 
propositions). In actual fact, syllogisms, like all other forms of 
inference considered by classical logic, have a marked advantage 
in psychological research. This is because a syllogism is a formal 
type of reasoning the value of which lies in its pattern but it is 
constructed with words and words carry meanings, thus there is 
acontent. Whence conflicts arise which lend themselves, theoreti- 
cally, to an analysis of the mechanisms involved. 


2 Conditions affecting reasoning 


(A) TRAINING 


Success in tests of formal reasoning is low, even among culti- 
vated subjects. This will be apparent from some of the figures 
quoted below. It is partly due to the unfamiliar character of this 
type of task, and to the subject’s lack of familiarity with the type 
of logical sequence involved. It is understandable that training 
can improve performance, whether it takes the form of a theo- 
retical introduction or of practice with similar tests. 

Morgan and Morgan (1953) observed that a test of logical 
reasoning was better performed following attendance at a course 
in logic. Probably, as they point out, some subjects who have not 
followed the course are capable of reaching a higher level than 
some of those who have. One must not, therefore, overestimate 
the part played by training, particularly as there are other 
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subjects with a higher university degree who do better, even 
though they had not had special training, than students who have 
followed courses in logic. Nevertheless, it appears that the in- 
fluence of training can readily be understood, whether it consists 
in inducing familiarity with a certain type of material or in 
establishing rules which can then be applied to various particular 
cases (just as classical logic has formulated rules which determine 
the conditions whereby a syllogism is valid). 

It is true that a test which can be dealt with simply by applying 
ready made laws is no longer a test of reasoning in the full sense 
of the word. Conversely, however, one must not be deceived 
into thinking that reasoning corresponds to an absolute power 
which is exercised per se. Like every intellectual activity, it 
brings into play a number of habits and dispositions which are 
in no way ready made. 


(3) THE STRUCTURE OF PROPOSITIONS 


4) Global structure: atmosphere-effect. Woodworth and Sells 
(1935), Sells (1936), and Sells and Koob (1937) discovered a 
Phenomenon which they called ‘atmosphere effect’. It concerns 
Syllogisms and it consists of the fact that subjects have a tendency 
to draw conclusions on the basis of the global impression of the 
premises. Thus, affirmative premises create an atmosphere which 
induces the subject to state or accept an affirmative conclusion; 
Negative premises incline towards a negative conclusion; the 
Same effect is produced by the universal or particular character 
of statements. 

The test which reveals atmosphere effect in the most spec- 
tacular fashion is that of Sells and Koob. It consists in presenting 
two concordant premises (AA, EE, OO, IT), and asking the 
Subject to draw the conclusion of which only the terms are 
given, as in the example below: 


All x's are y's. No x's are y's. 
And all x's are z's. And no z’s are x so 
"Therefore..y's..z's. Therefore... z’s... y’s. 


The proposed syllogisms are invalid so that no conclusion can 
be drawn from them. The fact remains that most subjects 
(students in this case) completed the conclusion that was 
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outlined and did so in keeping with the atmosphere created by 
the premises. 

In this form, the test is very questionable since it does all it 
can to induce the subjects into error. It begins by a demonstra- 
tion and an example of a syllogism to be completed, both of 
which are correct (they are of the Barbara type, that is, the two 
premises are universal and affirmative and call for a conclusion 
of that type); the presentation of the conclusion invites the 
subjects to complete the syllogism but there is nothing to show 
that they may have to refuse. . . . 

The form of experiment adopted by Sells (1936) does not 
incur these criticisms, since it consists in the presentation of 
complete syllogisms and the subject has to judge their validity 
by using a scale which allows rejection (giving a choice between 
‘absolutely true’, ‘probably true’, ‘indeterminate’, ‘probably false’ 
and ‘absolutely false’. One hundred and twenty-seven syllogisms 
put forward by Sells were invalid (out of 169). Nevertheless, a 
very high proportion of subjects accepted the conclusions and did 
so in keeping with atmosphere effect. 

This effect is studied in a more precise manner than in the 
experiment mentioned above since combinations of premises 
are not confined to homogeneous propositions (of the type AA, 
II, etc.). It is seen that together a universal and a particular 
premise create an atmosphere conducive to a particular con- 
clusion, while an affirmative and a negative premise incline 
towards a negative conclusion. 

(In addition to atmosphere effect, Woodworth and Sells 
referred to a 'caution effect', which leads to preference for a 
‘weak’ rather than a ‘strong’ conclusion, such as ‘some are’ or 
‘some are not’ rather than ‘all are’ or ‘none are’.) 

Chapman and Chapman (1959) disputed Woodworth and 
Sells’ conception of ‘atmosphere effect’. They carried out an 
experiment with forty-two syllogisms, of which the premises 
were given and the subjects had to decide upon the conclusion by 
choosing between five statements. Here is an example: 


Some L’s are K’s. 
Some K’s are M’s. 
Therefore: 
1) No M’s are L’s. 
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2) Some M’s are L’s. 
3) Some M’s are not L’s. 
4) None of these. 

5) All M’s are L’s. 
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Each of the forty-two syllogisms was incorrect, so that in each 
case the correct answer was ‘None of these’. It is apparent that 
the subjects (222 students) were far from having reached this 
conclusion (approximately only twenty per cent correct answers). 


Percentage of subjects choosing each type of conclusion 


Item | Prem- Item | Prem- 
No. ises |Fig.| A| E| I|O|N|| No. ises | Fig.) AJ E| I] O|N 
12 AA | II |83] 6| 3 7 5 II IV|2]|3/68|13|15 
17 AA | II|82| 5| 3| 1| 9|| 20 II II|:| 5/|63| 5|26 
39 AA | IIT |77| 5| 6| x|1o| 51 II III | 4] 5|64| 5|23 
4 AE I 3/81} 3| 5| 8 7 IO |III| 1| 6|13|48|31 
23 AE |III| 1/85} o| 5| 8| 34 IO |IV| 2] s5|11/60|22 
41 AE I 1/82} 3| 6| 7|| 48 IO I|2| 6|10|s55|27 
8 | ar | ir} 3] z|zs| 7| 8| 22 | OF | I || 4|14 59 21 
tS | AT |IV| sl 3 80 6| 8| 33 | OL [IM] 2 | 7] 15/52/24 
46 AI |IV |1o| 2|74| 6| 7| 44 | OI IV |1| s|11|55]|27 
13 IA I 5 78| 8| s|| 29 EE |IV| 1 |57| 4| 3136 
19 | IA | H | 5/11/68} 7| 9| 36 | EE II | 3 |59} 5| 5128 
42 | IA | L| 3| 4|83| 4| 7| 4o | EE | HI) 2/47) 4| 7)4° 
HE AO |I| 2| 7lr4l61|16| 30 | EO | I | 3 | 24) 10) 32) 32 
24 AO I 1| 2/13] 76] 8|| 35 EO | II | 1 | 26] 9/32] 32 
52 AO |IV| 1| 4|1o|74| 11] 47 | EO |1H|s | 25 6|21|44 
25 OA | II | o| 7|12|64|16 2 | OE |IV|2 | 28] 12] 24) 34 
32 OA |IV| 3| 4| 11|70| 12] 27 | OE 1|31/39| 5/19|34 
43 | OA | 1 | 1| 6| 7/78] 8| so | OE |HI|3 |45] 713930 
9 | IE | L| :1162| 6113|18| 3 | OO | ULEN: 8|10 so|3r 
26 | IE |11| 2|so| s|16|19]| 14 | OO IV|o | s 11|60|24 
49 IE IV | 2|48| 6|24|20|| 45 OO | H |1| 8/11|45|35 


Chapman and Chapman cons 


idered that these results did not 


agree with the views developed by Sells and Woodworth. If 
these were truc, the conclusions drawn from IE and OE premises 
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should be of type O (since the premises create an atmosphere 
that is at once negative and particular). It was also found that 
particular conclusions were not more favoured than universal 
ones (cf. the conclusions of universal premises AA, AE, EE). 

It is difficult, however, not to see a measure of agreement with 
the conception of atmosphere, if one takes the latter in its 
original sense, without entering into details that do not agree. 
Atmosphere effect naturally tends to bring about a conclusion of 
the same type as the premises; to expect it to lead to conclusions 
of a different type is probably unwise and Chapman and Chap- 
man are certainly right to question the arguments advanced by 
Sells and Woodworth. However, their results clearly show that 
the choice of conclusions is closely dependent on the nature of 
the premises. 

b) Detailed structure. The subject considers that propositions 
are to be deduced from one another and he draws a new proposi- 
tion from those which are given by engaging in a number of 
operations by means of which the various propositions can be 
considered as equivalent (or not equivalent). These operations 
may be helped or hindered by the actual structure of the proposi- 
tions, or the structure of their combination, since they may either 
follow from one another directly or call for manipulations in 
order to attain a form in which they can be confronted or com- 
bined. In the latter case, it is understandable that the process of 
reasoning is more difficult than in the first. 

I. Hunter (1957) made a contribution to the study of this 
condition, which we feel should inspire further research in this 
direction. He studied a type of reasoning which has become a 
classic among psychologists, Cyril Burt having invented the 
prototype: T'om runs faster than Jim; Jack runs slower than Jim. 
Who is the slowest: Jim, Jack or Tom? (Burt, 1909). 

The reasoning in a test of this kind consists in determining the 
serial relation of three terms, of which the positions are given 
two by two in each premise. Seriation has been achieved when 
the premises are arranged thus: A > B; B > C ('isotropic' 
premises according to the terminology proposed by I. Hunter). 
When the presentation is different the subject must reorganize 
the premises to arrive at this form. 

Hunter's experiment consists in comparing the relative case 
with which various types of presentation lead to the solution. 
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LA = BBS Cc, 

II. A > B; C < B. (Order is re-established when the second 
premise is simply converted, that is, transformed into B > C.) 

III. B < A; C < B. (This is merely a case of reordering the 
second premise, that is, putting it first.) 

IV. B < A; B > C. (This can be solved in two ways: a) the 
second premise is converted, i.e. B < A, C < B, then reordered, 
i.e. C < B; B < A; D) the first premise is converted, i.e. A > B; 
BC) 

Sixteen-year-olds and eleven-year-olds confronted with these 
various types of premises found that they presented an increasing 
order of difficulty, corresponding to the order above (II to IV). 
This implies that reordering (III) is more difficult than convert- 
ing (II) and that the conversion of the premise which comes 
first (IV, in so far as subjects have recourse to this method) is 
more difficult than that of the premise which comes second, since 
the first premise gives, as it were, an overall orientation. 

The kind of analysis used by Hunter is clearly applicable to 
other forms of reasoning, in particular the syllogism, which also 
involves the establishment of a relation between three terms on 
the basis of the indications given by two premises. The case of 
the syllogism is a little more complicated since negative proposi- 
tions also occur, but it is possible to begin by considering the 
Positive forms and then to specify the modalities of the analysis 
to include the other forms. . 

I. Hunter followed Burt and Piaget, as he himself states, in 
considering the effects of the global impression produced by 
Certain premises. This impression can be likened to atmosphere 
effect but it, too, can be more closely defined. If, for example, the 
first premise is ‘Jack runs slower . . .’, and the question 1s *Who 
runs slower?' the subject, remembering the first statement, may 
tend to reply ‘Jack’. This tends to reduce the chances of correct 
responses. In other cases, however, the effect may be favourable. 
Thus, with children of eleven, I. Hunter observed that state- 
ments of type II led to a greater proportion of successes than 
those of type I. He attributed this to the effect just mentioned 
(‘A is taller than B; C is smaller than B; who is the tallest?' The 
answer ‘A’, encouraged by atmosphere, is also the correct one). 
_ An important point arises here. Analysis in terms of relation 
1$ meaningless unless subjects are capable, while considering 
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relations, of ignoring any suggestion implied by the content, and 


thus the level of development of the subjects is a significant 
factor. 


(C) ATTITUDES AND HABITS 


Not only do subjects who are given tasks to perform lack appro- 
priate training but also they bring with them intellectual habits 
fashioned by the types of reasoning to which they are accustomed 
and these do not have the structure or the exactness of formal 
reasoning. This may account for some of their responses when 
confronted with the latter. 

Chapman and Chapman (1959), in an attempt to account for 
the results reported above, advanced as their first hypothesis 
that subjects tend to consider that the simple conversion of 
Propositions of type A and O is valid (conversion consists in 
deriving from a given proposition a new proposition in which the 
predicate of the first becomes the subject and the subject of the 
first becomes the predicate). Such a conversion is not valid. 
Propositions of type A are converted by ‘accident’, according to 
the terms of classical logic. That is to say that given that 'all S's 
are P's' one can only conclude that ‘some P’s are S’s’, Proposi- 
tions of type O cannot be converted. As Chapman and Chapman 
point out, training in mathematical reasoning encourages the 
tendency to consider that propositions of type A are simply 
convertible, since in mathematics, the verb ‘to be' generally 
means 'is equal to' and not, as in classical propositions, 'is 
included in'. Thus it is true that if all angles of 90° are right 
angles, conversely all right angles are angles of 90°. 

The same applies to the conversion of Propositions of type O, 
which experience often appears to justify. For example, ‘some 
plants are not green’—‘some green things are not plants’ are two 
equally acceptable Propositions, as can be observed from reality. 

Chapman and Chapman introduce a second hypothesis, which 
lays stress on the merely probabilistic character of most of the 
inferences which one is led to make in daily life or even in the 
course of scientific development. It appears probable that things 
with some properties in common are of the same type and that 
those which do not have common qualities are not of the same 
type. This can explain some reactions to IO premises as when 
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‘Some A's are B's, some C's are not B’s’ is interpreted as mean- 
ing that some A's and some C's do not share the common 
quality B, thus seeming to justify the affirmation that some C's 
are not A's, 

It is by no means certain that the hypotheses put forward by 
Chapman and Chapman prove that atmosphere effect does not 
exist. This effect and the factors which they adduce could well 
operate at different levels, atmosphere effect influencing mainly 
Subjects who think less and who allow themselves to be over- 
whelmed by a distinctly abstract task while the influence of 
habits affects mainly those who do attempt to reason. We do not 
wish to belittle the role of habits, far from it, and indeed we feel 
that it should be studied further. 

To this must be added the interpretation put upon the meaning 
of words. It is well known that the meaning of ‘some’ in the 
Propositions of classical logic differs from its use in ordinary 
speech. To logicians it means ‘at least some’, while in everyday 
Speech, it means rather ‘only some’ (i.e. some but not all). 
These are obviously different interpretations since, in the first 
case, ‘others’ may possess the characteristic which is said to 
belong to ‘some’ whereas, in the second case, they do not. 

In order to assess the meaning spontaneously attributed to 
particular propositions, an experiment was carried out (Oléron, 
unpublished) in which educated but non-specialist subjects 
(students) were invited to choose between two interpretations of 
each of four statements varying in expression, but all particular 
in form. One interpretation was ‘non-exclusive’ fa conformity 
With classical logic) while the other was ‘exclusive’. 


z i Bis 
1. What, according to you, is the meaning of the statement: ‘Pro 


fessor Z is sometimes boring.’ 

si . . : , 

T'he rest of the time he is not boring, og -— 
It is possible that the rest of the time he is also boring. 


sc 
2. What, according to you, is the meaning of the statement: ‘Some 
oxides are conductors.’ 
Other oxides are not conductors,’ or , 
It is possible that other oxides are conductors too. 
‘Some 


3. What, according to you, is the meaning of thig Se 
! istorians made a mistake.’ . À 
‘The other historians did not make a mistake,’ or ki | 
It is possible that the other historians made a mistake too. 
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4. What, according to you, is the meaning of the statement: 'Some 
traders are not honest.’ 


"The other traders are honest,' or 
: , 
"It is possible that the other traders are not honest either. 


Results were as follows (194 subjects): 


Number of subjects who chose each type of interpretation 


Interpretation 
Exclusive Non exclusive No response 
Ist proposition 168 21 5 
2nd proposition 166 25 3 
3rd proposition 121 67 6 
4th proposition 132 58 4 


Subjects were clearly in favour of an ‘exclusive’ interpretation, 
contrary to that adopted by classical logicians. Authors who have 
used syllogisms warn their subjects of the meaning ascribed to 
particular propositions in Classical logic. One is left to wonder 


whether warning is sufficient to counterbalance the strength of 
acquired habits. 


4 Problem Solving 


It may be said that in Principle every situation to which a 


Subject cannot make appropriate response by drawing on his 
directly available repertoire or responses is a problem. 


It is well to add two qualifications to the general definition 
given above. 

4) One can only speak of a problem when there exists a solu- 
tion. The subject may find himself in a situation which it is 
completely impossible for him to overcome and which necessarily 
defeats him. A miner crushed by a roof fall or a condemned man 
confronted by the executioner who puts his head in the lunette 


A second degree equation or a s 
problems to a child of six ortoanil 

b) The solutio 
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subject succeeds in dealing with a situation simply by developing 
an automatically acquired ability or skill, it is merely a question 
of adaptation or learning. One is speaking metaphorically when 
one says that altitude sets a problem to an organism used to the 
Plains and likewise a subject who, after prolonged struggling, 
finds a way out of a difficult situation (such as a cat which has 
been shut in a box and keeps on jumping until finally it succeeds 
in jumping high enough to get out) has not properly speaking 
solved a problem. 


I Several types of classical problems 


It is impossible to establish a logical classification of the problems 
which can be used by psychologists. In view of the very general 
character of a problematic situation the number of situations is 
Practically unlimited. At the same time, there are very few which 
are not complex. For this reason few can be closely defined. 

oreover, the absence of any clear conception of the psycho- 
logical processes involved in problem solving precludes a classifi- 
Cation on those lines. 

We shall indicate here only a few types of classical problems, 
mainly by way of illustration and not of systematization. Others 
Will be referred to later in connection with experiments that we 
Shall have cause to mention. 


(4) PRACTICAL PROBLEMS 


These can be characterized by saying that the subject is dealing 
With Concrete set-ups, which call for some kind of action. What 
1s interesting is that among them there are tasks that can be 
applied to the whole range of subjects capable of solving a prob- 
em, including animals and young children, whereas this is not 
the case with the other categories. The only completely practical 
Problems are those which can be set without recourse to language 
(hence their applicability to the latter type of subjects) and in 
Which the goal is clearly determined by the natural motivation 
9f the Subject (bait, freedom to be attained. . . .). . 

The famous experiments by Kóhler (1917) did much to 
Popularize this type of test, even in connection with human sub- 
Jects (children), although some of them had already been used 
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before with both children and animals. Here are a few examples 
taken from the study by Gottschaldt (1933) who worked with 
children of different ages (2.8 to 9.5) and of normal and abnormal 
I.Q. (Fig. 13). 

The problems set by Rey (1935) are also intended for children. 
A few specimens are reproduced below (Fig. 14). 


(B) PROBLEMS RELATING TO SYMBOLIC MATERIAL 


School problems in arithmetic, algebra, geometry and physics 
are clearly of this type. It is unusual, however, for them to be 
used exactly as they stand by psychologists, since they assume 
knowledge and abilities which are more developed in some than 
in others. Nevertheless an analysis of problem solving, for 
example with schoolchildren, has been made by some authors 
such as Wertheimer (1945). The most commonly used problems, 
however, are simple and require no specialized knowledge. This 
is true of Maier's excellent nine dot problem and of the problems 
of containers widely used by Luchins (cf. below). 

The problems just mentioned imply a verbal aspect since 
specialized symbols can never be used alone. Language also 
plays a part, though in a more limited way, in many practical 
problems. It is possible to use problems which are stated in 
purely verbal terms but which refer, for example, to concrete 
situations (many school problems are of this type). T'he subject 
must then imagine the reality corresponding to the terms of thc 


problem. This creates a difficulty that does not arise in concrete 
problems. 


2 Conditions on which problem solving depends 


(A) CONDITIONS DUE TO OBJECTS 


It is clear that the relative difficulty of problems varies according 
to the nature of the question that is posed, but attention must 
also be paid to subject matter and to the way in which it is 
presented. 

@) Quantity of material. Problems vary in the quantity and 
complexity of their terms. Thus, the whole which a subject 


has to take into account may be greater or smaller 


and more or 
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Fig. 13 SPECIMENS OF PROBLEMS USED BY GOTTSCHALDT 
(1933) WITH CHILDREN 
itself tied to a stick of which the 


a H : H . 
) The goal-object is tied to a string, 
d must turn the stick 90° to make 


fe end is in the shape of a T. The chil 

) ar of the T vertical so that it can pass between the bars; 

Aeg string which is directly tied to the goal-object does not reach the 
ed ut a second string, tied to the middle of the first, does. The third 
a d y has a perturbing effect; ERAS sie 
im, fà string tied to the support of the goal-object is not within hand's 
ned the stick that is available in the cage does not enable the child to 
dh. the object itself but only the end of the string. 
eid - goal-object and the instrument are diametrically opposed; 

A string tied toa bar of the cage ends in a ring through which there 
a a stick with a T-shaped end; with this it is possible to reach the 
Provided it has been disengaged from the ring; 
a to use the available elements to make an instrument long 
200 Eh to reach the goal. (Beih. Z. ang. Psychol., 1933, 68, 153, 160, 164, 
2, 204, 216.) 


Fig. 14 EXAMPLES OF PROBLEMS USED BY Rey (1935) 
a and b: diagram of a box with grating, 
removed with the aid of an instrum 


bringing it within hand's reach using the string to which it is attached 
(b). 


from which the bait must be 
ent and by making a detour (a) or by 


c and d: transmission of movement resolved by the interposition of 
blocks which fill the gaps between the pieces shown. (L'intelligence 
pratique chez l'enfant, Alcan, 1935, 46, 57, 131, 161.) 
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less difficult to embrace. ‘The phenomenon is comparable to 
what one observes in all cases where the subject has to master an 
increasing quantity of material (perceptual field, immediate 
memory, memorization of elements. . . .). 

Cook (1937) showed how there is an increase in the number of 
errors, the time taken and the number of moves when a puzzle 
passes from two to three and then to four elements. 

Similarly, Johnson, Lincoln and Hall (1961) studied the in- 
crease in time taken by the subject in preparation and in actual 
solution (which an ingenious method enabled them to separate) 
as a function of the complexity of the problem (number of con- 
ditions which the solution must satisfy) (Fig. 15). (cf. also Solley 
and Snyder (1958) in a task which, admittedly, is predominantly 
perceptual but which brings in the concepts of information 
theory.) 
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Fig. 15 Increase IN PREPARATION TIME AND AS Ed 
AND IN NUMBER OF ERRORS AS A FUNCTION OF THE re GA 
OF SPECIFICATIONS WHICH THE SUBJECT MUST TAKE INTO ACCOUS 
The use of serial-exposure apparatus makes it possible to present ras 
ately the material of the problem and a list in which the pee 1s Ls 
found, In the very simple case illustrated above, the material consis 


‘st of digits and the problem consists in finding them rien eeu 
ists. The number of specifications is the number of digits in Y gi es 
list (ranging from 3 to 11). Preparation time is the toa sf E 

Subject in examining this list. (Johnson, Lincoln and Hall, J. Psychol., 


1961, 5x 
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b) Structure of the terms. The Gestalt psychologists have 
stressed the part played by organization or structure. It is easy to 
understand that a problem which is close in structure to the 
solution is more easily solved than one in which the initial struc- 
ture has to be completely recast and broken up or another in 
which the elements present no apparent organization. Simple 
examples may be found in the case of anagrams, which have been 
used by a number of psychologists. Anagrams can be presented 
in forms which suggest the key word more or less directly, 
simply by changing the order of the letters in the word more or 
less radically. Thus, Mayzner and Tresselt (1958) compared 
‘easy’ orders which, in the case of the French word ‘sujet’, for 
example, would correspond to forms such as: Sujte, Ujets, Tsuje 

. . and ‘difficult’ orders which, for the same word, would be: 
Seutj, Utjse, Tuesj. . . . In the first case, reaction times are much 
shorter (cf. also Oléron, 1961 a). 

c) Complexity of the terms. Complexity must also be taken into 
account. An important step towards the solution consists in 
determining what is essential in the relations between the terms 
proposed. It is easy to conceal this beneath accessory details which 
the subject will take some time to eliminate. Let us take the 
following problem as an example: 


A fly moves twice as fast as a train. The train leaves Paris for Rome. 
The fly leaves Rome and flies to meet the train. When it reaches it, 
it flies back to Rome, then comes back towards the train. On reaching 


it, it goes back again to Rome and so on. When the train reaches 
Rome, what distance will the fly have covered? 


This problem can be solved very quickly once the essential 
relation between time and speed has been established: since the 
fly goes twice as fast as the train, and since it is in motion for the 
same length of time (this is not actually stated but is implied in 
the terms), it necessarily covers twice as much ground. All the 
rest is accessory detail, which can only lead the subject to waste 
time if he tries to follow all the movements or to clicit a law by 
analysing them. 

Katz (1949) devoted a short study to what he called the 
‘blinding phenomenon’, a term he used to express the idea that 
the subject can be dazzled, as it were, by some of the data. This 
prevents him from seeing the relevant structure and delays the 
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discovery of the solution. Thus, taking a particular task (finding 
the sum of numbers from one to nine, or from one to five, 
according to the age of the subjects), he observed that there is an 
order of increasing difficulty corresponding to the following 
situations: 1) the numbers are presented in order; 2) they are 
presented out of order; 3) they are called out, then placed in a box 
and shaken; 4) the experimenter asks the subjects to find the 
smallest possible sum. 

d) ‘Functional fixedness’. The Gestalt psychologists have drawn 
attention to what happens when an element in the problem 
situation is incorporated in a structure from which it must be 
removed if the problem is to be solved. 

Duncker (1935) gave classical instances of this factor. He 
spoke of ‘functional fixedness’, meaning that an element which 
has performed a function in a given context remains attached to 
this function and can only with difficulty be used in another 
function (i.e. the one required to solve the problem). 

An example of this occurs in the following experiment: the 
subject must fix a board between the two stiles of a door (sup- 
posedly for a physics experiment). The board is too short to fit 
between the stiles; it has to be wedged with a suitable object. A 
cork would do perfectly. The subjects have a cork, among other 
objects, but when the cork is on a bottle, they less often have 
recourse to it than when it is simply placed amidst other objects. 

Another example is given in the following problem: the subject 
must fix three little candles on a door. He needs supports to do 
this. Little cardboard boxes are perfectly suitable. All that need 
be done is to fix them to the door with drawing pins and to put 
the candles inside them. In one situation, the boxes are full (of 
candles, matches and drawing pins), in the other, they are empty. 
In the second case, the solution is more easily found than in the 
first. 

Adamson (1952) resumed th 
subjects than Duncker, and obtai 

Birch and Rabinowitz (1951) also conhrn 
used Maier's two-cord problem. The subject has to bring to- 
gether the free ends of two cords which are suspended from the 
Ceiling. The distance between them is such that the subject can- 


Not reach the end of the second while holding tlie end of tie re 
(Fig. 16), The solution that is called for is at mendi " 


ese experiments, using more 
ned the same results. 
firmed them when they 
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consists in making one rope swing so that it comes within reach 
of the subject holding the other. In the experiment by Birch and 
Rabinowitz, the subjects have at their disposal two objects which 
can be used as a weight to be attached to the cord in order to 
make it into a pendulum—a relay and a switch. There are two 
groups. In one of these, the subjects, during a preliminary 
experiment, are led to use the relay (to complete an electrical 
circuit) and in the other they use the switch (for the same pur- 
pose). It was found that the subjects in the first group did not use 
the relay as a weight but that they all took the switch. On the 


contrary, the majority of those in the second group (seven out of 
nine) chose the relay. 


Fig. 16 DIAGRAM SHOWING Marrs Two-corp 
EXPERIMENT (1933) 


e : r apart for the subject to be able to reach one 
while holding the other. (After Maier's description.) 


The two cords are too fa 


A further confirmation, using different material, will be found 


in Van de Geer (1957), accompanied by a brief discussion of 
‘functional fixedness’, 


e) ‘Availability 
the above, that problem solving should be facilitated by the 
availability of the obj i 
or, more exactly, 
perform. 


E ab question was studied by Saugstad (1955). He determined 
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the availability of the function by asking subjects to state the 
uses to which the objects in question could be put, before these 
Were submitted to them to solve the problem. 

The problem used by Saugstad is an adaptation of one of those 
invented by Maier (1933). The subject must blow out a candle 
Which is approximately two yards away by using several glass 
tubes nine and half inches long, a metal rod and putty. The 
Solution consists in making a long tube by joining the short 
tubes with putty, which makes the joints air-tight, and supporting 
them with the metal rod. This done, the subject can extinguish 
the candle merely by pointing the tube towards it and blowing 
through it (Fig. 17). 


Is j Duralumin rod 
JtA == Putty 
— 4 sues. CN 
| | |i Glass tubes 


Fig. 17 Evements or Mater’s CANDLE PROBLEM (1933) 
AS ADAPTED BY SAUGSTAD (1955) f 
The subject must put out the candle without going up to it; oe sei ves 
Y making a tube with elements held by a cmn iyi g 
Putty to make the joints airtight. (After Saugstad’s description. 


th 
i 


Solved + 
diq not 
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It is clear that in a study of this type ‘availability of function’ 
is tested on the verbal plane, while the problem calls for a 
practical and effective mobilization. Saugstad's results suggest 
that there is a concordance between the two types of availability. 
'This has been questioned by Staats (1957) who also asked his 
subjects to state the functions of the critical object before calling 
on them to solve the problem. In his version of Maier's two- 
cord problem, using the pendulum method, the weight which 
must be used to make the pendulum is a screwdriver. It appears 
that there is no link between the mention of the ‘weight’ aspect 
of the screwdriver and its actual use as a weight in the experi- 
ment. Only seven subjects out of sixty-one gave the answer 
‘weight’ and yet fifty-five solved the problem. 

This contradicts the results previously quoted, but does not 
prove that availability of functions plays no part. To check 
this, it would be necessary to imagine experiments in which 
availability is not ascertained verbally. At the same time, the 
relation between verbal mobility and practical mobility should be 
studied more closely, not relying only on subjects’ spontaneous 
responses but varying, much more than in previous experiments, 
the types of tasks and the types of objects. 


(B) CONDITIONS DUE TO SUBJECTS 


a) Attitudes and habits. It would be an over-simplification of 
the facts to present availability or fixedness of functions purely as 
a characteristic of the objects themselves. One must not forget 
the part played by the attitudes and habits formed by the subject 
towards these objects, whether they proceed from previous uses 
he has made of them in everyday life or from suggestions arising 
out of the existing or immediately preceding situation (as in the 
case of situations used to study ‘functional fixedness’). 

Nothing is further from the truth than to consider that solving 
a problem is a totally new process though there is a tendency to 
do this because a problem is, by definition, a new situation and 
solving it implies invention. Observation and the study of the 
groping attempts made by the subject show on the contrary that 
he has recourse to procedures which he has already had occasion 
to use in previous situations. This is seen, for example, in the 


child who is placed before an unfamiliar apparatus (e.g. a problem 
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box). He tries to open it by means of various procedures which 
are effective in the case of familiar apparatus (lifting the lid, 
sliding a partition, turning it over, etc.). 


Fig. 18 Marer’s NixE Dor PROBLEM AND ITS SoLUTION 


The subject must link all the dots using only four straight lines and with- 
Out raising the pencil from the paper. The problem can be solved only if 
the lines extend beyond the pattern of dots and do not merely assume a 
horizontal and vertical direction, as the position of the dots would suggest. 


" These factors should be taken into account when assessing the 
Significance of the experiments carried out by Gestalt psycho- 
logists. Thus, with Maier's nine dot problem (Fig. 18), it is 
tempting to point to the structure of the figure, which encourages 
the subject to draw horizontal and vertical lines rather than 
oblique lines. It tends also to confine him within the limits of the 
Square marked out by the dots, instead of going beyond them. 
He must in fact break through both of these artificial limitations 
to solve the problem.) We have suggested (Oléron, in Les Atti- 
tudes, 1961, 64) that it was necessary also to take into account 
habits whereby, for example, a child who is learning to write, 
draw, draw a map, or cut out, normally expects dotted lines to 
indicate the directions to be traced in bold and followed exactly. 

s it not a habit of this kind which determines the subject's first 
Teaction when confronted with the nine dots? 

D) Implicit restrictions. Some of the difficu 
Subjects are due to the fact that they interpret the terms of the 
Problem in a way that involves narrower restrictions than are 
there. This is clearly seen when, after the solution has been given, 
the subject protests and claims that it violates one of the terms. 

he problem has to be re-read to him to convince him of his 
Mistake (we observed this with the nine dot problem when some 
of our subjects claimed that the instructions forbade the lines 


drawn to extend beyond the limits of the figure). 
59 


Pierre Oléron 


As an example of classical problems involving such restrictions, 
one can quote the problem of the four equilateral triangles to be 
constructed with six matches. The solution involves the con- 
struction of a tetrahedron, i.e. the use of three dimensions in 
space. The subjects fail because they tend to construct their 
triangles using only two dimensions, leaving the matches flat on 
the table. The problem by Bulbrook (1932) is equally typical 
(Fig. 19). The solution consists in breaking the extra bead with 
a hammer! which is among the available objects. Failures arise 
because the subjects tend to think that the task must be performed 
without destroying part of the material. 

We believe that these implicit restrictions are the expression 
of habits: matches are normally placed on a surface where they 
are seen and manipulated and on which the figures they can form 
are constructed. Problems involving the geometrical organization 
of elements are not, asa rule, resolved with a hammer, particularly 
as the attitude of a subject to the material put before him by the 


experimenter is normally respectful and tends to exclude methods 
which would damage it! 


QooQoo(QjoooooQo opooQ 
Fig. 19 BurBnook's PROBLEM (1932) 

The material consists of a necklace in which coloured beads alternate 

regularly, such as two white, one yellow, two white, etc. In one place, 

however, the sequence is broken as there are three superfluous beads. The 


subject’s task is to re-establish the order thus disrupted but without 


unstringing the beads or breaking the thread on which they are strung. 
(After Bulbrook's description.) 


c) Trick problems. Psychologists have devised a number of trick 
problems which consist in presenting as a true problem one that 
contains a ‘catch’, in that either the solution is given in the terms 
or that there is no genuine problem corresponding to the question 
asked. 

Here is an example taken from Sweeney (1953): 


A rope ladder ten feet long is hanging over the side of a ship. The 
Tungs are a foot apart and the bottom Tung is resting on the surface 
of the water. The tide rises at the rate of six inches an hour. When 
will the first three rungs be covered with water? 


1 Translator’s Note: Bulbrook mentions pliers, not a hammer. Also, three 
beads have to be broken, not one. 
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The interest of these problems is that they show, once again, 
the importance of attitudes. These ‘catches’ succeed because the 
form of presentation and the terms imitate those of real problems 
and lead the subject to approach them as such, that is as serious 
matters calling for reflection and calculation. They therefore 
mobilize the problem-solving procedures to which they are 
accustomed, such as calculation when the terms are of an arith- 


metical type. 

d) Adoption of an attitude (or set).! Sweeney used problems, an 
example of which has just been given, to study intellectual 
Plasticity, success implying that the subject frees himself from his 
original attitude, which consists in treating the problems as real, 
and discovers the ‘trap’ aspect. There is, however, a drawback 
In presenting only this type of problem in that the attitudes 
adopted by the subject are not controlled and may therefore 
Present pronounced variations which escape detection. 
| This risk is avoided when, for instance, these problems are 
Introduced after genuine problems, which would determine in 
a more precise fashion the attitude investigated by the psycho- 
logist. 

Several authors have used this kind of procedure, particularly 
Luchins whose problems have met with great success and have 
been applied in many experiments, both by Luchins himself 


and by others,? | 
It is possible to vary the number of problems in order to bring 
out the effect of certain factors. This was done by Luchins him- 
Self and by Tresselt and Leeds (1953) but in the original experi- 
Tents by Luchins (1942) they fall into three groups (which 
Naturally are not distinguishable by the subject): 
I. Problems designed to establish a set. These can be solved 
Y only one method which is either demonstrated or discovered 


Y the subjects themselves (problems 2-6); 
e' we feel that it would be 


i i D 
a In view of the many meanings of the term ‘attitud à 
Visable in the case of very specific situations, as here, where attitude amounts to 

lish word ‘set’ (not that it is more 


a 
given method, to use in preference the Eng t itism 
French, but in transposing it into 


Precise i : : À 
cise in English than the word ‘attitude’ in 1 

in the research 

ng, meaning the same thing, 


n s D Pi p " s 
ench, one can give it a more limited meaning). Luchins, 


al i . 
and] ed below, used the German word Einstellu 
i cikewise transposed it into English. : 
(M ther, less successful, tests have been used for the same purpose: anagrams 
al ptzman and Morrisett, 1952, 1953), mazes (Luchins and Luchins, 1954), 

Phabet mazes (Cowen, Wiener and Hess, 1953)- à 
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2. Critical problems designed to test the application of the set. 
They can be solved by the preceding method and also by another 
method which, to make the demonstration clear, is simpler and 
quicker (problems 7, 8, 1o, 11); 

3. Extinction problems. These cannot be solved by the original 
method, but only by a different method which the subject must 
discover after abandoning the first method (problem 9). 


Problems Available jars Quantity to be 
obtained 

1 (Demonstration) 2 3 — 20 

2 By s; Ja 3 100 

3 E2 14 163 25 99 

4 E3 18 43 10 5 

5 E4 9 42 6 21 

6 Es 20 59 4 31 

7 Cr 23 49 3 20 

8 C2 15 39 3 18 

9 28 76 3 25 
10 C3 18 48 4 22 
11 C4 14 36 8 6 


In each problem, the object is to succeed in obtaining a specified 
quantity of liquid (column 3) by using the available jars (column 
2). None of these allow the subject to measure the quantity 
directly but the liquid can be poured from one to another so as to 
obtain the required result. The method which problems 2-6 
aims at inducing is of the type B — A —2C, i.e. filling the second 
jar, and drawing off the amount contained by the first then twice 
the amount contained by the third. It can be seen that more direct 
methods are available for the other problems. Luchins (and his 
successors) do not appear to have noticed that problem s was ill 
chosen as it can be solved by other methods than B —A —2C, 
such as A--2C or (A — C) x 7. In a number of subsequent appli- 
cations, the test was abridged, particularly by eliminating prob- 
lems ro and 11. 

The results obtained with these problems were spectacular: 
they revealed that a large number of subjects continued to con- 
form to the set adopted at the beginning of the experiment. 
Luchins spoke of blindness and mechanization of thought and 
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these terms are very i i i 
V appropriate i j 
h . y appropriate in describing the sub ects’ 


Here are the percenta j 
ges of subjects (college students) wh 
responded in conformity with the set in t iti bs 
bius e ty et in the critical problems 


Type of Problem 


Group No 
C: C2 C3 C4 
Sen. 1 13 77 73 
Sen. 2 14 2 64 
Sen. 3 15 7o 27 
Jr. 12 100 84 
Ins 10 85 75 
Fr. 1 15 vi 63 


its consequences. The sub- 


before him only in so far 
nd transforms 


€) The subject's activity. «) Action and 
ject succeeds in solving the problem set 
as he acts, works upon the elements given him a 
them. Authors who have studied problem solving from the 
descriptive angle have devoted considerable space to the subject's 
activities of research and exploration and to his elaboration of 
hypotheses, whether stated verbally or expressed through what he 
does. From these studies, few precise details emerge concerning 
the role played by these activities, since only a more precise 
analysis could reveal which are useful and which are not. This 
kind of analysis has yet to be undertaken. Meanwhile, the fact 
that we are reduced, on various points, to making conjectures and 
noting probabilities should not be taken to mean that we fail to 
appreciate the importance of the points concerned. | 

l Transformations of the situation. One of the first effects of 
this activity, even without precise orientation, is to bring about 
transformations of the situation which may lead to the solution 
and sometimes actually constitute it. An elementary example of 
this is when simple exploration leads to the discovery of the 
appropriate instrument or to perceiving the situation from an 
angle which reveals the solution by establishing, for instance, 
a relation between two elements in an experimental set-up where 


the goal is the instrument (cf. Kôhler, 1917). 
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The fact that activity plays not only a favourable but an essen- 
tial role becomes fully apparent when subjects are called upon 
to construct or make something. Even when human subjects are 
given abstract problems, there should be scope for the construc- 
tion of diagrams or figures or for literal ‘constructions’ which 
serve to translate in an intuitive manner problems expressed in a 
form that does not allow direct representation. Moreover, these 
constructions may enable the subject to surmount difficulties 
found in every problem that is at all complicated, namely diffi- 
culties in apprehending a group of elements which exceeds the 
normal field of apprehension. By means of concrete representa- 
tion, condensation is possible and this allows what is essential to 
emerge. 

2 Transformations of the subject. Activity does not only trans- 
form the situation, it also brings about changes in the subject. 
This is sometimes overlooked. The transformation of objects is 
not enough to lead to the solution. It may be quite ineffectual 
although in itself it contains or implies the solution. The subject 
may indeed not see it and it has frequently been observed that one 
allows to escape, temporarily if not altogether, a solution which 
is before one's very eyes (the story of inventions points to a num- 
ber of cases of this kind). 

Change is due to the fact that the failure of a given procedure 
leads, sooner or later, to its being inhibited, either by spon- 
taneous exhaustion, or by a deliberate decision and this leaves 
room for the emergence of another response schema which may 
prove more effective. This is not identical with what happens in 
learning where the form of response remains essentially the same 
but is perfected. Here, there is the substitution of one type of 
response for another but in numerous cases the difference may be 
slight, if one admits that learning is not the creation of a response 
ex nihilo but the construction or adaptation of responses already 
formed. 

P) Groping. The first psychologists who approached in a 
positive spirit the question of problem solving by animals felt 
that groping played a large part (Thorndike). It is easy to argue 
that groping is the very opposite of an intellectual process and 
that one cannot therefore, when seeking to explain what is 
essential in problem solving, admit that it plays even a subsidiary 
role. One should not, however, forget that groping, except in 
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the case of animals, or of a human subject who arrives at the 
Solution by pure chance (and even then one must be capable of 
taking advantage of chance) is not, as a rule, an activity devoid of 
any psychological significance. Rey (1935, p. 215 et seq.) put for- 
ward an interpretation in genetic terms, to the effect that groping 
reproduces all or part of the scale of behaviour that can be 
established by chronological analysis. We feel that, more gener- 
ally speaking, it expresses response schemata which have pre- 
viously been used and which are more or less habitual in character. 
This interpretation is suggested by observing a subject faced 
with a practical problem where groping can be directly observed. 
It is the same, although observation is in this case less easy, 
with an abstract type of problem, such as a mathematical one. 
Inferences drawn from observation of animals are misleading 
here since the problems put before them often go beyond their 
repertoire of responses and it is difficult to imagine that their 
reactions are dictated by anything more than chance. " 

Y) Analysis. Analysis is frequently invoked as an activity 
Which enters into problem solving. Problematic situations are 
often characterized, it is true, by their complexity and analysis is 
a procedure which enables the subject to get his bearings by 
Picking out the essential elements. . 

In actual fact analysis does not correspond to a single and 
Specific type of psychological activity and there are various pro- 
cedures which go under that name. Thus breaking down a whole 
into its parts, a normal procedure when trying to understand a 
Piece of mechanical apparatus, is different from a regressive 
Search for the logical conditions on which the truth of a proposi- 
tion depends. 

Relatively few experimental studies have been devoted to 
analysis. Let us mention Marks (1951) whose problem took the 
form of discovering the source of an error in the computation ofa 
Square root performed with a calculating machine and a table 
according to a method explained at the beginning. Any of these 
three elements (and the subject himself) may be the cause of the 
error (in actual fact, it is the table which is falsified). — 

Duncker (1935) had pointed out the role of analysis in less 
contrived situations. He distinguished two aspects: analysis of the 
Situation and analysis of the goal. 'The first aims at determining 


What elements are present and which of them create the a 
5 
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and then seeking what must be done to overcome the difficulty. 
The second aims at defining what is required to solve the prob- 
lem. Duncker saw it as a decisive step in attaining the solution 
and he spoke of a 'functional solution', when the subject has 
clearly defined the conditions implied in the solution although he 
has not yet reached the stage where the solution is determined by 
the specific object which defines it completely. Reid (1951) 
showed the part played by the latter type of analysis, using in 
particular the problem of the four triangles to be constructed 
with six matches (cf. page 60). The experimenter offers some of 
the subjects a series of suggestions constituting a more and more 
precise analysis of the conditions which the solution must fulfil 
(e.g. ‘twelve sides of triangles must be formed with six matches’, 
then ‘each match must form the side of two triangles’). Success is 
greater than in the control group, which is not offered similar 
suggestions. 


(C) UTILIZATION OF INFORMATION 


We are speaking here of information in its usual sense, that is, 
information about the point of a problem which is communicated 
by significant data. A number of authors have tried to use a more 
precise concept inspired by information theory. As it is mainly 
the information arising from the stimuli which is apt to be 
analysed and manipulated, the tasks to which these authors have 
turned are naturally of the inductive type (such as discovery of a 
law, or of a principle involved in the experimental set-up). That is 
why we mentioned them above and do not feel that there is any 
reason to refer to them again at this point. 

It will readily be agreed that the more information a subject 
has about a problem, particularly about the ways of arriving at the 
solution, the more easily will he in fact reach it. The source of 
this information may lie in the problem itself (which yields more 
or less readily the information implied in the data) or in the sub- 
ject (depending on his knowledge or training). In order to make 
the analysis clearer, however, we shall concentrate on information 
provided by external indications which are additional to the data. 
In an experimental study, the experimenter might try to regulate 
the amount of this information as precisely as possible. It should 


not be forgotten that, in an educational setting, the subject can be 
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guided in solving a problem by being given supplementary in- 
formation. Hence the question: ‘How can he be helped in the 
most effective way?' of which the practical significance is obvious. 
a) Teaching of principles. The usefulness of information is 
clearly closely linked to the nature of problems, but one can at 
least distinguish between different types of information among 
which that bearing on principles seems to have special signifi- 
cance. Various studies devoted to transfer have shown that 
knowledge of a principle plays an important part and makes it 
easier to pass from one task to another of a similar type (cf. 
Chapter X). This knowledge may come to the subject through 
sudden awareness while he is performing the task, but it may also 
come from outside. Such is the case in the experiments by Judd 
(1908) and Hendrickson and Schroeder (1941) (quoted by 
McGeoch, 1952) in which the subjects must hit a submerged 
target. After a preliminary training session for a given depth of 
water, the subjects must adapt themselves to a new depth. Those 
who are taught the principle of refraction transfer easily from one 
situation to the other, but those who are not taught it find trans- 
fer difficult. ; 
Katona (1940) used problems which require the subject to 
make new figures, from those given, by moving certain elements 
(Fig. 20). One group of subjects was merely shown the solution of 


OR: ah SARS 
où [1 L1 
Fig. 20 PROBLEMS USED BY KATONA (1940) VA 
d by matches. The task consists in 


The abov dly forme 
DE n obtain four squares 


finding how by moving only three of them one ca 
instead of five. (Katona, Organizing and Memorizing, 
niversity Press, 1940, 78.) 


hile the others were also given an explan- 
e solution (in this instance, 


New York, Columbia 


the training problem w 
ation of the principle underlying th 1 
finding the sides common to two squares and moving them so that 
they become the sides of only one square. In this way, the same 
number of elements can be used to make a smaller number of 
Squares). The second group was more successful than the first 


When given new problems to tackle. 4 
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Corman (1957) took up the same question using the same 
problems, but he considered other variables at the same time 
including, in particular, what he called *method' which consists 
of indicating the elements to be moved. He also tried to graduate 
the amount of information by using two types more or less 
explicitly presented. In view of the somewhat complicated nature 
of the experiment (it brings in various transfer problems and 
takes into account the mental ability of the subjects), it is difficult 
to draw absolutely clear conclusions, although information 
regarding principles was found to facilitate success. 

The interaction of certain factors is nevertheless revealing. 
It is worthy of note that it is the most brilliant subjects who 
profit most from the most explicit information and that in some 
cases subjects can succeed without having been given any indi- 
cations regarding the principle involved. We believe that this is 
due to the fact, which must not be overlooked, that the effective- 
ness of information depends on the subjects concerned and it 
may be useless to give information to someone incapable of 
profiting by it (cf. Crannell, 1956). Moreover, it is a matter of 
everyday observation that a suggestion can only be turned to 
account when the subject has assimilated the data of the problem 
sufficiently to enable him to integrate the new information. If it 
is supplied too soon, it is liable to appear merely as additional 
data and to complicate the situation rather than clarify it. 

Marks (cf. page 65) obtained results that can be compared with 
those above. He found that subjects who had heard (admittedly 
three weeks before) a lecture on method in problem solving, in 
which the role of analysis was mentioned, succeeded no better 
than those who had not been present at the lecture. Furthermore, 
those who had been given a typed list in which the various 
possible causes were explicitly mentioned likewise fared no 
better! 

b) Verbal teaching and active method. The sterility of verbal 
teachings and their lack of effectiveness in solving problems have 
often been denounced by educationalists, not on abstract grounds 
but from concrete observation of pupils. Hence the praise be- 
stowed on active methods, by which the child is not merely given 
an outward knowledge but is made to put into practice notions 
which then become modes of action and patterns of response. 
QI carried out experiments which fully justify this stand- 
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point. In one of these (1950 a), he showed that verbal knowledge 
of the principle of Archimedes is not sufficient to solve a simple 
problem in physics in which the metal, although in itself a heavy 
object, must be perceived as suffering in the same way as a light 
object the upthrust of the water which it displaces. 

In his other experiment (1950 b) the subject must put into 
practice notions relating to momentum of rotation and inertia. 
The subjects receive instruction on this topic, some by the tra- 
ditional method, namely a lecture followed by a demonstration 
with the aid of a torsion pendulum, the others by the modern 
method, in which the pendulum is presented to them and an 
attempt is made to indicate the effect of the position of the weights 
upon speed of rotation. (The torsion pendulum consists of a 
thread from which a bar bearing weights is suspended, so that 
the greater the separation of the weights, the slower the speed 
of rotation of the bar when displaced from its equilibrium posi- 
tion.) A few days later, a problem is set which involves the appli- 
cation of these notions. It concerns two metallic spheres of the 
same diameter and of the same total weight. One is made of light 
metal but is solid, while the other is of heavy metal but hollow. 
The subjects must state which is solid and which is hollow (the 
solution consists in making the two balls roll down an inclined 
plane: the hollow sphere having a greater momentum of inertia, 
will roll more slowly). Subjects in the modern group are signifi- 
cantly more successful than those in the traditional group (13 
Out of 20 as against 4 out of 20). x : 

(An interesting methodological study of the kind of informa- 
tion used or sought after will be found in Rimoldi, 1955.) 


(D) METHOD 

It seems obvious that working methodically leads to success more 
surely than working in a disorderly fashion (indeed it is a sign of 
development and of intellectual superiority). However, if one goes 
beyond the general meaning of the term (following an ordered 
course of action and continuing in one direction before proceed- 
ing in another, etc.), one must recognize that the nature of the 
method (like information) is largely conditioned by the particular 
Problem that is put forward. A method that is effective with one 


type of problem is not necessarily so with others. This somewhat 
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lessens the importance of method since, in extreme cases, it comes 
close to a response schema which is more or less specific to one 
task. Moreover, success, when there really is a problem, does not 
depend simply on putting a schema of this kind into automatic 
operation (otherwise the situation could hardly be called problem- 
atic) but on finding an effective schema or combination. 

One aspect of the method which was brought out by Descartes 
in his famous Discours de la Méthode is to ‘divide (split) diffi- 
culties’. The ways of doing this may be more or less rational, 
irrespective of the object to which the method is applied. In- 
formation theory has drawn attention to a form of division which 
consists in a succession of alternatives by which the range of 
possibilities is broken down each time into two mutually exclusive 
parts (the number of choices corresponding to the quantity of 
information received). The application of this procedure has the 
advantage of economy since for the first few choices at least, 
a wide range of possibilities can be eliminated in one operation. 
It is obvious that this aspect is valuable from the practical angle, 
since the time taken by a researcher or a technician to find the 
solution corresponds to money spent. 

The method of dichotomic division or half-split! method is, 
however, applicable only to rather special types of problems where 
all the elements are simultaneously given and can be physically 
divided, and where there are implications and subordinations 
allowing inference from one element to another. The case par 
excellence seems to be the tracing of faults in mechanical or 
electrical systems (or of mishaps in the functioning of social or 
economic systems). 

The method would apply, for example, to a system such as that 
shown in Fig. 21. 

It is only if all the elements from A to H are in good working 
order that the apparatus can function. If each one is tested in 
turn, eight separate checks must be made. If the first test is 
carried out at point I, it serves to check the sub-assembly A-D. 
The next test (if the first suggests that the fault comes from that 
quarter) will be carried out at II and another (assuming the 
opposite case) at III. Thus, the fault can be located by means of 
only three operations. An approximately similar situation exists 


oe Note: Incorrectly referred to in the French text as the split-half 
method. 
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in the case of a typical car breakdown, when the engine fails to 
start. The range of possibilities can be divided into two. Either 
the fuel supply is responsible, or else the ignition. If the motorist 
Observes that the plugs are sparking, he can eliminate the first 
Set of possibilities. The fuel supply can be tested by splitting it 
into four points: tank, pump, filter, jet, and checking the half- 
Way point. If the petrol comes out of the pump, the pump and the 
tank are eliminated and the failure must be due to the jet or the 
filter. This can be ascertained by a single test. If, on the other 
hand, the first test causes the ignition to be suspected, the same 
Procedure can be applied. Check first the supply of current to 
the primary of the coil and then (for example) the coil itself or 
the sparking plug. 


A B C D E F 6 


Fig. 21 HaLr-spLIT METHOD APPLIED TO A PROBLEM 
INvoLviNG 8 ELEMENTS 
See explanations in the text 


These steps correspond to those indicated in the Lei iral 
Schema above, which can be taken to represent the elements of an 
engine, 

. : AVS 

Strict application of the half-split method - "Th iii 
Possible, however, even with systems of this type. there 

arlous reasons f, i 
À or this. "T ji 1 

First, not every assembly is necessarily divisible two eee 
sh “assemblies. The choice of division, with one su sas 
Breater than the other and therefore requiring a greater nu 


of tests, is then no longer a matter of indifferent option. 
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interdependence between the parts can assume complex forms, 
with ramifications that are irregular from the point of view of the 
logical schema. Likewise the fault may be due to temporal factors 
which are superimposed upon the spatial arrangement and do not 
form part of the schema (as when the engine fails to start because 
it has been ‘choked’ in the course of previous attempts at starting). 
The half-split method implies that all elements are equivalent 
in all respects. However, one has only to consider the frequency 
with which faults may occur in each of the various elements to 
see that in fact this is rarely the case. Some develop faults more 
frequently than others and call for more frequent repairs (cf. 
Stolurow et alia, 1955). Is it possible to say that the repairer who 
begins by turning his attention to these elements is reasoning 
badly? This is not the opinion of Cronbach (in Quastler, 1955, 
20). It is logical to test point A (Fig. 22) when the probability of 
the corresponding branch is .50; with a probability of .50 for the 
last element on the left, it is not unreasonable to test point B. 


Go) (20) Go) Go) 
(a) 


Fig. 22 APPLICATION or THE HALF-SPLIT METHOD AS A 
FUNCTION OF THE PROBABILITY OF FAULTS 


See explanations in the text. (Cronbach in Quastler, Information Theory in 
Psychology, Glencoe, Free Press, 1955, 20.) 


Elements are not as a rule equivalent in yet another way. 
Testing costs are different. In a piece of apparatus, certain ele- 
ments may take a long time to dismantle and there may be 
sequences of events which are very different from the logical 
sequence laid down by the method. It is not rational to neglect 
this and in fact it is profitable to turn first to the most easily 
accessible elements, disregarding the absolutely logical sequence. 

So far, the method has been considered solely from the point 
of view of the object to which it is applied. One must also con- 
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sider the subjects who are called upon to apply it. In other words, 
uu e consider the steps involved and the corresponding 
aud les or more accurately the interaction between the subject 
nd the object. Thus, Goldbeck et alia (1957) showed that the 
method led to a more rapid solution when dealing with simple 
Systems but that this was not so when dealing with complex 
Systems, Their experiment also brought out that the important 
has 1S not so much the half-split method itself as the ability 

reason and to infer at what points a split should be made. 
eds two findings are in fact linked: easy problems are more 
the Y solved because inference is easier and the relations between 
thet ns are more easily grasped. But, and this too emerges from 
t research, additional practice can also play a part, enabling 

€ Subjects to apply the method more effectively. This seems 
ier normal to us. There is no ‘natural method”. One learns 
à nods as one learns specific procedures. Teaching may play 

Seater part in that methods can be, and should be, more 
Systematic, 
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Chapter 23 


Mental Images 


Jean Piaget and Bärbel Inhelder 


The evolution of ideas concerning mental images is perhaps the 
clearest demonstration of the stages through which experimental 
Psychology has passed. During the first stage, at the height of 
associationism, images were considered both a) as a direct pro- 
duct not only of perception but of sensation, of which they were 
allegedly the residual trace and b) as one of the two fundamental 


elements of thought, conceived as a system of association between 


images. in 1897, it was still possible for Alfred Binet to write a 
in which he expressly 


whole work on The Psychology of Reasoning, } 
defended the thesis that reasoning is based on a succession of 
associations linking images. . 
There followed a second stage, beginning around 1900, during 
which the same Alfred Binet in L'Etude expérimentale de P'Intel- 
ligence (1903) and also Marbe, Külpe and the Denkpsychologie of 
the Würzburg school discovered the existence of ‘imageless 
thought’ (affirmations and negations, relations, the act of judg- 
ment itself) and concluded that images cannot be considered as 
an element of thought but at the most as an auxiliary. Less 
emphasis was given to the analysis of images. Indeed it was 
relegated to the background without there having been any real 
experimental investigation, except in the field of memory and 
memory-images (or ‘eidetic’ images, the nature of which is still 
a matter of controversy). In this connection, the distinction 
€tween memory consisting in recognition, which appears earlier 
and is independent of images, and memory consisting In evocation, 
which implies images, tends to suggest that there is little that is 
Primitive in the genesis of images. 


In the third stage, which brings us to the present day, we have 
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witnessed three kinds of progress which directly affect our 
knowledge of images. The first remains theoretical in nature: 
images are no longer interpreted as an extension of perception 
but tend (as Dilthey had foreseen) to acquire the status of a sym- 
bol (see the fine chapter by I. Meyerson, 1932). The second 
contribution comes from a set of psychophysiological studies and 
psychopathological observations that have helped to reveal 
some of the conditions governing the production of imaged repre- 
sentation. What they tend to stress particularly in the formation of 
images is the role of motor activity whereby an act is reproducedin 
outline. The third contribution comes from child psychology. 
It is twofold. First, it enables us to work out approximately the 
stage at which images are formed (beginnings of the symbolic 
function with language, symbolic play and deferred imitation). 
Second, it helps us to trace the development of imaged repre- 
sentation, especially in its multiple relations with the evolution 
of operations (independence, opposition, subordination, etc.). 


1 Statement of Problems 


We propose in this chapter to describe some typical experiments 
concerning images and to point out the gaps that remain in our 
knowledge. It is not our ambition to give an exhaustive summary 
of what exists, nor do we propose to undertake a complete theo- 
retical restatement. Nevertheless, no good experiment is ever 
initiated except in answer to a question and a question cannot be 
properly asked unless it is correctly situated in relation to a num- 
ber of other problems. We shall therefore begin by examining 
these problems, and we hope to present each experiment in its 
proper perspective in relation to them. 

Images are an instrument of knowledge and therefore depend 
on cognitive functions. These present two distinct aspects 
according to a fundamental dichotomy which must be recognized 
if problems are to be correctly stated. Indeed, we have already 


encountered this dichotomy in Chapter 18 in connection with 
perception. 
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1 Figurative and operative aspects of cognitive functions 


The aspect to which mental images are referable is what we shall 
call the figurative aspect. It characterizes the forms of cognition 
which, from the subject’s point of view, appear as ‘copies’ of 
reality although, from the objective point of view, they offer only 
an approximate correspondence to objects or events. But this 
correspondence relates to the figural aspects of reality, that is to 
configurations. It is possible to distinguish three fundamental 
varieties of figurative knowledge: perception, which functions 
exclusively in the presence of the object and through the medium 
of a sensory field; imitation in the broad sense (by means of 
gestures, sounds or drawing, etc.), functioning in the presence or 
absence of the object but through actual or manifest motor repro- 
duction; and mental images, functioning only in the absence of 
the object and by internalized reproduction. 
_The other aspect of cognitive functions, which does not 
directly concern images, but to which we shall sometimes be 
obliged to refer, is the operative aspect. This characterizes the 
forms of knowledge which consist in modifying an object or an 
€vent so as to grasp the actual transformations and their results, 
and not merely as before the static configurations corresponding 
to the ‘states’ linked by these transformations. These forms of 
knowledge include a) sensori-motor actions (except imitation), 
the only instruments of the sensori-motor intelligence an 
becomes organized before language; b) internalized actions whic 
are an extension of the above. They first appear at the pre- 
Operational level (age two to seven); and c) operations oe oe 
Properly attributable to intelligence. These are actions w i 
are internalized, reversible and co-ordinated into integrate 
Structures bearing on transformations (see Chapter 24). — 
We are speaking, for the moment, merely of two eee 
Cognitive functions and not of two categories for it is o wn 
that at a certain level of development one is capable of ere 
Some, if not all, transformations figuratively, a$ well 85 me a 
Or configurations linked by these transformations. = » 
Aspects of cognition, figurative and operative, thus become me A 
mentary, Whether this is so at all levels or whether menta : ia 
ate at first too limited or too static to succeed in figuring T 
?rmations remains an open question. 87 
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2 Meaning and symbolic function 


Another dimension of cognitive functions to which we must refer 
from the beginning in order that we may properly envisage the 
problems raised by images, is the dimension relating to the struc- 
ture of meanings. All cognition implies meaning or signification 
and signification for its part supposes a significant and a signifi- 
cate. But there exist several categories of significants and of 
significates and it is necessary to distinguish between them in 
order to understand the questions which mental images raise in 
connection with them. 

It is first of all necessary to distinguish between significants 
which are differentiated from what they signify and those which 
are not. The latter consist of ‘indices’ or cues and the former of 
‘symbols’ and ‘signs’. An ‘index’ or cue is an undifferentiated 
significant in the sense that it consists in a part or an aspect of the 
significate. For instance, a perceptual cue such as the apparent 
diminution of an object, which indicates its distance from the 
point of observation, is only one aspect of the perceived complex 
‘apparent magnitude x distance’ in which distance could in its 
turn act as a cue in helping to estimate apparent magnitude. 
Sensori-motor cues called I.R.M. (innate releasing mechanism) 
by K. Lorenz, such as a particular arrangement of colours 
reminiscent of the mother's beak and releasing the instinct to 
follow her,! remain undifferentiated in the sense that they are 
simply borrowed from the characteristics of the significate. They 
thus give a partial perception of it. Symbols and signs, on the 
contrary, are differentiated from what they signify in a way that 
must be accurately defined if one wants to be clear about the 
position of images. 

But first let us note that signs and symbols also differ from one 
another and thus we have a second distinction: signs are 'arbi- 
trary’, as linguists say of verbal signs or words, meaning that 
there is no family relationship or likeness between the thing 
signified and the significant; in other words, they are purely 
conventional and thus social in nature. Symbols, on the contrary, 
are ‘motivated’, that is, they present a relationship or likeness 
between the significant and the significate. 

Signs are thus significants that differ from what they signify; 


! [n the young of the grey lag goose (Anser anser). 
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this goes without saying since they are arbitrary: thus, words 
are at once conventional and clearly differentiated from the thing 
named. In the case of symbols, however, such as we find even in 
the simplest of children's symbolic games (for instance pretending 
to be asleep just for fun), how can one assess the difference be- 
tween the significant (pretending to be asleep—with appropriate 
gestures) and the significate (really sleeping) since the gestures 
concerned are similar and, in the event, almost identical? The 
criterion is as follows: the deferred imitative gesture (pretending 
to sleep) is not a part or an aspect of the significate (really sleep- 
ing), but an evocative copy, thus differing from its model. A 
perceptual cue, on the other hand, is not a copy but a part of 
actual perception, with no representative evocation. As for the 
LR.M. mentioned above, even if one replaces the colours of the 
mother’s beak by artificial signals reproducing the same colours 
and releasing the same reaction, there is actual perception of the 
substitute of the usual perceptual cue and of a substitute fused 
with it but not evoking it by a distinct mental representation. 
The same applies to signals occurring in conditioning, which we 


therefore also class as cues. . | ‘ "" 
Signs and symbols are thus considered to differ from wha 
they signify because they require an evocation not just a eg d 
tion of it. In view of this, we shall term symbolic function the 
ability to evoke objects or situations not actually — 
the time, by the use of signs or symbols. As menta a 
clearly a product of evocation and not of perception, P = 
lems will arise, that of determining the links betw E imag 
the symbolic function and that of establishing whet i p = 
significants or significates, or whether they partake of bo 


functions. i 

Before specifying the problems, however, let FE Po Patent 
again the possible overlap between what was v : Vo TE EBEN 
the figurative and operative aspects and what ems av de pies 
concerning meanings. The operative aspen e dnd A n 
definitely not significants but POE. po» ec levels 
aspects, it is necessary to distinguish between ` 


tc.) but 
i i i conform to usage (Head, e 
à ^ lic function' in order to con: usage (E 
it oe ee to use the term *semeiotic function ; iuge ue oen 
to adopt) in view of the fact that symbols are only one insta 


i iotic’ efer to both at once. 
are another. By using 'semeiotic we can ri Bs 
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In perception there are both significants and significates but the 
latter consist only in undifferentiated 'cues'. Imitation itself 
includes several stages and the higher stages are probably 
orientated towards the constitution of symbolic significants 
(deferred imitation). Thus, another problem will arise: that of 
understanding the role of this evolution in the constitution of 
images. We shall now classify the various problems and suggest 
methods of solving them. 


3 Classification of problems 


The main questions arising from what we have so far discussed 
are, broadly speaking: a) to explain the formation of images 
within the series of figurative structures: are they a direct exten- 
Sion of perception or do they proceed from imitative behaviour 
with its components of motor reproduction? b) to establish 
whether the development of images constitutes an independent 
evolution, thus conferring a relative autonomy on imagery, or 
whether on the contrary it is subject to increasingly important 
contributions from outside (from operative mechanisms in 
particular). On the answer to these two questions assuredly 
depend all interpretations of the structure and the meaning of 
images, considered as a form of symbolism or as a constituent 
element of thought. In trying to formulate these questions in 
detail, one is led to the nine following problems: 


1) Leaving aside for the moment the question of genesis, and 
thus from a purely synchronic standpoint, one can try to deter- 
mine whether images are by nature motor or sensory or both. Does 
an image of any content consist only in a kind of internal picture 
similar to, although less ‘real’ than, a perceptual picture in its 
sensory aspect or does it also imply a motor reproduction, at 
least in outline? Such a problem belongs to the psychophysio- 
logical and psychopathological spheres, both of which can offer 
decisive data. While the motor character of images can thus be 
established, their mode of formation remains to be determined. 
This is a problem of a general character and as such it can be sub- 
divided into questions 2 to 4, to which different methods apply. 

2) It is first necessary to define the genetic level at which images 
are formed. This calls for systematic observation of children’s 
go 
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behaviour. One can begin by showing why there do not scem to 
be any mental images during the initial stage, throughout which 
perception nevertheless develops under relatively complex forms 
— a fact which tends to dissociate images from perception. In 
the second place, the emergence of new forms of behaviour 
enables us to establish approximately the level of formation of 
images. This appears to coincide with the constitution of the 
symbolic function (defined in Section 3, 2). 

3) The next step is to try to determine the relations between 
images and imitation, again by means of genetic observation: in 
this respect imitation seems to be both the instrument of transi- 
tion leading from the sensori-motor stage to the symbolic and the 
very source of images, which would thus be deferred and internal- 
ized imitation. 

4) Passing from observation to experimentation, we can try 
to determine the relations between images and imitation within 
the more limited sphere of relations between images and drawing 
(considered as graphic imitation). In this connection, experiments 
that have proved instructive (with children aged from 4 to 7) are 
those relating to the reproduction of lengths (parts of straight 
lines) in various situations which are apt to modify the mental 
image and to have repercussions on the graphic image. — 

Next comes the general problem of the developinent of images 
with age, which can be subdivided into two questions: : 

5) The first requirement is to draw up a classification of images, 
SO as to establish more or less general stages 1n the evolution of 


mental imagery or, at least, an order of succession which could then 
be verified. We are thinking less of a classification by contents 
) than of a hierarchy based 


(visual images, auditory images, etc.) Than ©” s 
on degrees of complexity: images occurring In direct reproduction 
t of static configurations 


(copy), in the reproductive evocation firs ic 1 
and then of kinetic configurations and finally anticipatory Images. 


The method takes the form of experimental tests allowing per- 


formances to be seriated. Sn 
6) Once the various types of images have Léa — 
the central problem consists in establishing whether ^ M hin 
autonomous evolution of images, that 1$ whether mages rein 8 
level nr derive directly from images of # or [o e: E 
‘derive directly’, we mean that images of #+1 level a ] 
ms as those of earlier 


structed by means of the same mechanis e 
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levels or by means of mechanisms extending them by differenti- 
ation. The reverse hypothesis would be that images of n+ 1 level 
succeed those of prior levels only through the intervention of new 
mechanisms, that is, of contributions outside imagery and figur- 
ative functions in general: these contributions could in particular 
come from intellectual operations, which are capable of directing 
the construction of new images. (They have a similar guiding 
influence on perceptual activities as we saw in Chapter 18, 
Section 3, 4.) 

Problem 6 may be solved by recourse to experimental situations 
in which one can observe the transition from initially static and 
reproductive images to anticipatory images and where one can 
judge the possible intervention of operations that lie outside 
images. 

7) The preceding problem leads back to a question that has 
become classic since the work of Binet and the Würzburg School, 
that of the relations between images and thought. The question, 
however, no longer consists in establishing whether thought can 
exist without images. We now know that the aspect of thought 
which extends beyond images is none other than the operational 
aspect (action-schemata and operations), especially in the form of 
operations proper. The question which remains, however, is to 
know whether and in what sense images prepare or at least en- 
courage the functioning of these operations. 

The most suitable experimental technique for dealing with 
question 7 consists in going back to certain operational tests 
(particularly those referring to conservation) but asking subjects 
to anticipate everything by images (actual transformations and 
their results), then comparing the solutions based on imagination 
with those that follow perceptual perusal of the data. 

8) A particularly instructive problem concerning the relations 
betweeen images and operations is that raised by spatial images. 
It is a purely psychological problem but it corresponds closely 
to the problem of geometrical intuition raised by mathematicians 
in connection with the epistemology of their science: why is it 
that imagery, beyond a given level of development, is particularly 
apt to duplicate spatial operations? Experimentation in the 
genetic field is particularly fruitful here. 

9) Finally, there are two more problems which should be 
discussed. They are distinct but have a common feature in that 
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they extend beyond the framework of normal images. The first 
is the problem of eidetic images, discovered by Jaensch and the 
second is that of the role of images in hallucination. But, in both 
cases, the phenomena in question are not general since the first 
has been observed only in a minority of otherwise normal subjects 
while the second is pathological. We are therefore obliged to 
refrain from discussing them, as lying outside the scope of this 
work. We mention them, however, since one might well ask 
existence does not contradict the conception 


whether their very 
the experiments described 


of images which will be suggested by 
in this chapter. 


2 Psychophysiological data and the problem of whether images 


are sensory or motor 


Psychology turns to neurology for the answer to two distinct 


though probably related problems concerning images. 


l Quasi-sensory character of images 
sensory character. A 


The first refers to their sensory OT quasi-senso 
visual image gives with varying approximations the shape, 
t evoked. In individuals of a 


dimensions and colour of the objec 4 : 
visual type the sensory qualities of images can trei mpi 


a surprising degree of precision. However, as Lotze had already 


remarked, ‘images do not light up’; they lack the character of 
present and living reality found in perception. Similarly, a sound 
individuals of an auditory 


image can render a melody and in ( 
: Nevertheless the subject 


type it will reproduce it in some detail. t à 
will not turn his head to see where the sound is coming from as 


in the case of perception. The first problem is therefore that of 
the physiological mechanism of quasi-sensory evocation and it is 


bein xperimentally by neurosurgical techniques (partial 
dieci uni stimulation) evolved by Foerster 


ablation and above all electrical ; 
and remarkably developed by Penfield and his collaborators. 
When the cortical projections of the optic or auditory tracts are 
stimulated, one obtains sensory states which, according to Pen- 
field, have nothing in common with hallucinations (therefore E 
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less with images) and are purely sensations. On the other hand, 
temporal lobe stimulation leads to memory states which can be 
graduated according to the nature of the images involved and 
their vividness. Kubie (1952) divides these experimental states 
into three groups: a) states of which the content seems present 
and immediate, but where the subject nevertheless has the im- 
pression of being at once an actor and a spectator (as sometimes 
happens in dreams to which images in this group are closely 
related, according to Kubie); b) states that are also quite vivid 
but evoked as past (according to Kubie these have a quality of 
imagery comparable to that of images occurring in dozing 
(hypnagogic reveries) ); c) non-vivid memories, withoutsensation. 
According to de Ajuriaguerra and Hécaen (1960, p. 436) the 
sensory systems play a part in the first two groups and, at the 
level of the temporal lobe, it would be casy to admit the joint 
action of sensory and memory mechanisms. 

Concerning the mechanism of evocations, Penfield (1960, pp. 
1444-5) specifies that 'the temporal cortex has some sort of 
selective connection with a detailed flash-back record of the past, 
most of which has been forgotten as far as the individual's ability 
for voluntary recall is concerned’. These flash-backs provoked by 
electrical stimulation unfold at the former rate of speed as long 
as the electrode is held in place. An example is hearing a musical 
theme to which the subject listened some years before. He sees at 
the same time the orchestra and the singer and is conscious once 
again of the emotion he felt during the actual performance. 

But Lhermitte (1960) specifies that it is not yet possible to 
locate the seat of the mechanisms enabling us ‘not only to imagine 
but to image'. All that we know is that efferent impulses from the 
occipital region link up with the ‘centrencephalic system and also 
with the diencephalon'. In addition, Oscar Wyss, quoted in the 
discussion of Lhermitte's report, specifies that artificial stimula- 
tion of the diencephalon can provoke in animals behaviour which 
causes one to infer the existence of visual hallucinations (1944). 


2 The role of motor activity 


A second problem arises in connection with the first: do images 
consist only in quasi-sensory evocation or are they in part an 
active reconstruction expressing itself through the necessary 
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intervention of motor activity? It is this second question which 
has received most attention, for the following reason. In the days 
when images were conceived merely as a residual extension of 
perception (a tradition to which can be attributed the defective 
use of the word ‘image’ in the expression ‘after-image’), their 
quasi-sensory character could encourage the illusion that there 
was no problem, since they were considered as a weakened form 
of perception. Yet, even then, authors who believed that move- 
ment played a part in perception, were trying to discover move- 
ment in the functioning of imaged representation. Thus, Jackson 
stressed that it contained a motor element in addition to the 
sensory element and Ribot laid stress on the presence of move- 
ments of the eyes and even of the limbs, in analogy with per- 
ception. : 
The problem of the role of motor activity in images takes on its 
full meaning once images have been recognized as something 
other than residual perception. Thanks to modern techniques, it 
has been possible to deal with this problem by direct experimen- 
tation bearing in particular on the representation of a movement 
of one’s own body. On this point, the alternative is quite plain: 
either the representative evocation of the movement is something 
other than the movement itself and consists in ‘imagining it like 
a picture detached from the action, or else this eee £ 
imagining the movement rests on the motor adumbration of the 
movement itself. Electroencephalographic : and electromyo- 
graphic techniques can give valuable information on this point by 
making it possible to compare the electrical modifications ao 
ring during the act itself and during its Saone 
example, Gastaut (1954), using electroencephalograms, : im : 
the same beta waves during the mental representation of the ac 
of flexing the hand and during actual flexing. At the same ak 
Allers and Scheminsky (1926), followed by Jacobson on 1993) 
detected, with electromyograms, the existence of Me Capo etl 
pheral muscular activity during à rep Es hen 
ments. This slight activity is parallel to that an ae ai 
the act in question is actually being performed. Conv = ie 
of Foerster's patients (1936) could neither imagine AS ian 
the required movements after section of the sensitive p 
ay possibility of imagining one's 


A. Rey (1948) showed the im 2 
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forefinger tracing a given figure while it is performing a simple 
rhythmical flexing movement. Either the real movement is well 
performed but there is no representation of the figure (e.g. a 
circle) or else representation is possible, but the rhythm is dis- 
turbed as seen from the instrument recording the flexion. A. Rey 
also found (1947) that the time required for the internal repre- 
sentation of a movement is equal to or greater than the time 
required actually to perform it. 

A. Rey also noted, in the case of visual representations of hand 
movements, that eye movements partly reproduced those of the 
hand. Complex oculo-manual co-ordinations are thus established. 
"They serve to reinforce the precision of the image and, in our 
opinion, already show the character of imitative schemata found 
in images. We shall have occasion to stress this character later. 

In short, imaged representation of a movement of one's own 
body does not rest on simple evocative pictures external to the 
movements, but implies an internalized imitation by which they 


are reproduced in outline, complete reproduction being held back 
by inhibition. 


3 Eye movements 


The analysis of visual images led F. Morel (1947) to similar 
conclusions. He began by observing a patient with protruding 
eyes which made it easier to observe his eye movements. When 
the patient was asked to shut his eyes and imagine a table, a round 
garden pond, etc., it was possible, by laying a finger on his eye- 
balls, to follow movements reproducing the shape of the objects 
he was imagining. Morel then constructed with Schifferli an 
apparatus to record eye movements by photographing projections 
of a light ray on the cornea. Schifferli (1953) compared eye move- 
ments during perception and during imaged representation 
and was able to make the following observations. Regarding per- 
ception, his results corroborated the classical discovery that it 
consists of jerky explorations, with alternating fixations and 
movements. At the same time, he was able to establish the 
existence of varied and relatively stable individual types of oculo- 
motor exploration. Regarding mental images, he again found the 
same types of movements in the same subjects as if the subjects 
followed in their imagination the contours of objects in a way 
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xime de mp eae ui ide T 

ple; » results by making 
sure that they persist when the oculo-motor investigation of the 
image does not immediately follow that of perception, so as to 
avoid possible perseveration and above all involuntary suggestion 
arising from the instructions: ‘And now try to picture or to 
imagine etc., what you have just seen’ (or some similar instruc- 
tion). For instance, if a patient has perceived a square with black 
lines, he should next be shown a circle drawn in red, and only 
then should he be asked to imagine the ‘black figure’ (so as to 
avoid suggestion from the word ‘square’) which preceded the 
figure in red’; etc. 

Several recent studies have also shown the existence of eye 
movements during dreams, thus confirming a hypothesis put 
forward as early as 1892 by G. Trumball Ladd. In 1955, Aserin- 
sky and Kleitmann distinguished two types of eye movements 
during sleep, the rapid type accompanied by a heightening of 
cardiac and respiratory activity and by a typically slow E.E.G. 
voltage in the frontal and occipital areas and sometimes by vocaliz- 
ing on the part of the subject. These authors therefore assume 
that the rapid movements bear a relation to the visual imagery 
of dreams. In 1957, Dement and Kleitmann, and in 1958, W. 
Dement and E. Wolpert attempted to verify this hypothesis bya 
twofold technique which they applied to adult subjects. They 
measured differences in potential during eye movements, taking 


every precaution to avoid artifacts. They also woke the subjects 
during each eye-movement period and obtained accounts of 
ernal stimuli, such as a 


dreams (including as a control some ext 

doorbell), Dement and Wolpert concluded that the rapid eye 
movements thus recorded do not occur haphazardly during sleep 
or even dreams but that they are specific instruments of the 
dreamer’s visual activity. These eye movements appear to be 
Controlled by cortical centres different from those which control 
the majority of other movements, since these are not brought into 


play during sleep. 
However, in connectio 
Movements in dream images an 
and Schifferli on the motor analogies 
Perception, there are a number of points t 
In doing so, we hope to show that what 


e possible role of eye 
observations of Morel 
s and 


n both with th 
d with the 
between visual image 
hat we wish to make. 
has been said is not 
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simply a reversion to former ideas whereby images were con- 
ceived as mere extensions of perception. We should remember 
first of all (see Chapter 18 of the present work) that perception 
takes place on two or more distinct planes: there are those ele- 
ments that result from the perceptual and are independent of 
motor activity (at least once they have been established) and there 
are perceptual activities such as exploration, transportation, etc., 
dependent on motor activity. If an analogy between images and 
perception exists, it must be between images and perceptual 
activities, in contrast to primary perception, which merely pro- 
vides the prototype for the sensory substance of images. As to the 
analogy with movements of structuring exploration, it in no way 
implies that images merely ‘extend’ perceptual activity in the way 
in which an automatized habit is an extension of the early phases 
of that habit. The analogy rests, on the contrary, on the two 
following circumstances: 1) Exploratory activity is already a kind 
of imitation, since exploratory perceptual activities follow the 
contours of the object and serve only to favour the ‘figurative’ 
aspect of perception (and not to modify the object like ‘operative’ 
actions); 2) the mental image which follows perception (in 
Schifferli's technique, etc.) is not a residual perception, but results 
from an active reproduction of perceptual movements and thus 
constitutes an imitation of them (to the second power), just as we 
saw that the representation of a movement of one's own body 
amounts to tracing the movement by internalized imitation. 


4 Auditory images 


Finally, we come to auditory images. These have been studied less 
and we shall confine ourselves to the following remarks. Taking 
verbal images first, we find that they consist in ‘hearing’ a word 
belonging to internal language and therefore there is a trace of 
articulation proper:! there is proof of this in the fact that it is 
impossible to speed up an auditory evocation beyond a certain 
limit (especially in the case of a difficult word, such as ‘peri- 
patetic’ or ‘anacoluthon’). This limit coincides with the time 
required actually to say the word. Taking musical images next, 
we find that they are clear and distinct only in so far as one is 


1 Tn deaf-mutes, who use sign language, Max observed that dreams are often 
accompanied by movements of the fingers. 
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capable of producing an approximate imitation. As to the 
orchestral background that accompanies the recollection of a 
melody after a concert, it is more in the nature of a sound con- 
tinuum—sensible but not very structured—than of detailed 
evocation. Thirdly, if we take auditory images of odd noises 
(thunder, breaking china, tractors, aeroplanes, etc.) we find that 
they are remarkably vague and abstract, compared to images of 
sounds heard less frequently but which can be imitated (birdsong, 


for example). 


3 Genetic Data concerning the stage at which and the manner 
in which images are formed: images and imitation 


Although psychophysiological data bring out the fact that images 
contain an element of active reconstruction, and consequently 
of motor activity, this in itself is not entirely sufficient to dis- 
sociate images from perception, for it is still possible to wonder to 
what extent similar factors enter into perceptual activities as 
opposed to sedimented and automatized field effects. The study 
of genetic data yields supplementary information which, added 


to the former, seems decisive. 


l Level at which images appear 

ve to note that although perception 
hs in forms that are already com- 
gin to emerge at least as early as 
es do not appear to play any part 


It is indeed extremely instructi 
develops from the earliest mont 
plex (perceptual constancies be 
five to six months), mental imag ; 
in children's behaviour until the middle of the second year. It is 
admittedly impossible to prove once and for all the non-existence 
of a phenomenon, especially one as difficult to pin down as 
mental images. Nevertheless, a number of convergent saei 
make it possible at least to affirm that all the behaviour observe 

up to that level can be explained without recourse to represen- 


tation'. . mut 
One set of facts concerns the evolution of oio pa 
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a small white object while saying ‘miaow’) leads to images or even 
already implies them. During the first year of life, however, 
games are merely practice games or functional games (repeating 
for the fun of it an action which is otherwise not playful) and 
symbolic play does not begin until the second year. (It is true 
that K. Groos (1896) attributed it to young mammals but this 
was an abuse of the term and there is absolutely no need to 
attribute imaged representation to a kitten pretending to bite its 
mother or to run after a marble.) In the same way, ‘deferred’ 
imitation (of the kind which starts only in the absence of the 
model) may lead to images or already suppose them. It also does 
not appear until the age of about thirteen to fourteen months. 
All earlier forms of imitation are learnt in the presence of a model 
and through sensori-motor adjustments based on various signals 
or perceptual cues and there is no need to invoke imaged 
representation. 

A second set of facts concerns behaviour relating to objects 
that have disappeared from view. Here again, images play a part 
beyond a certain level, when the subject has to recall a series 
of successive displacements or reconstitute non-perceptible dis- 
placements. In this case too, such behaviour appears late and it is 
not until approximately the age of nine months that the infant 
even becomes capable of finding an object which has just been 
covered by a screen before his very eyes. What is more, if the 
object is first hidden and then found beneath a screen A (to the 
child’s right), then hidden again, still under the child’s eyes, 
under screen B (to his left), he will go back first of all to A without 
taking any notice of the second displacement (Piaget, 1955). In 
short, the search for objects that have disappeared is subject to a 
particularly slow and complex development and one is obliged to 
conclude that if the child had from its first year the ability to form 
mental images, this evolution would be at once much shorter and 
simpler. 

A third set of facts is concerned with the beginnings of repre- 
sentation in intelligent acts. One observes from the age of fourteen 
to eighteen months (but not before) the ability to solve problems 
through internalized co-ordinations of action; for example, in 
trying to open a box of matches that is nearly shut, the subject 
gropes for a while, then pauses, looks attentively at the aperture 


which has to be made bigger opening and shutting his mouth as 
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he does so until finally he puts his finger in the slit and thus 
solves the problem. It is probable that there is in this a beginning 
of representation (and the presumably imitative movement of the 
mouth is perhaps a tentative evocation of the goal to be reached). 
The point is that such behaviour is not encountered before the 
age of twelve to fourteen months and all previous intelligent acts 
are the result of 'step by step' adjustment and trial and error, 
with nothing to suggest representative evocation. 

It is therefore not incautious to locate the formation of the first 
mental images at the level at which the symbolic function is 
constituted, that is, towards the middle of the second year. While 
the facts that have gone before lead us to dissociate the genesis of 
images from perception, the data that will now follow allow us to 
link it to a process that is at once general and clearly character- 


ized, namely the internalization of imitation. 


2 Symbolic function and imitation 


Around the age of fourteen to eighteen months, one observes the 
first manifestations of the symbolic function in the form of 
differentiation between significants and significates (Section I, 
2). This fundamental transformation is shown 1n four cce 
Which develop more or less simultaneously: 1) the "niis o; 
language; 2) the emergence of symbolic dba cir 
practice games; 3) the beginning of deferred imitation 


different varieties of direct imitation have been systematically 
ns of representation 1n intelli- 


mastered); 4) the first manifestations of r em 
gent acts (internalized co-ordinations in the sense indicated 
above) s i h 
A e 

Without claiming to solve all the problems or ir 
neurological problems) raised by these correlativ d s sii d 
tions, it js atleast possible to extract a basic PAP POLT 
for the emergence of the individual forms a S I) of thought: 
general way, for the figurative aspect Lap wed ones 
we refer to the development of imitation. x dividual way of 
play (which provides young children with an 1n 

1 From 1936 onwards (English edition: The ed [arem uda sede ey 

T. ve stressed the part playe 

iin A pk eee pem the representative levels. H. Wallon developed 


i i i illi ter in De l'acte à la pensée. 
the same idea in 1942 ina brilliant chap n 
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expressing personal experiences as opposed to the impersonal 
system of language) all the symbolism is supplied by imitation. 
Deferred imitation represents the culmination of all previous sen- 
sori-motor imitation. Finally language, which is of social and not 
of individual origin, is also acquired in a context of imitation. If 
it was acquired merely as a result of conditioning, it would appear 
much earlier. 

In a general way, sensori-motor imitation which develops very 
early (from the age of three to four months) already constitutes a 
kind of representation in action, allowing in particular a corres- 
pondence to be set up between the non-visible parts of one's own 
body (face, etc.) and the visual spectacle of someone else's body, 
etc. "hereafter, imitation has only to acquire the faculty of 
extending itself in 'deferred' forms to pass from the state of a 
direct sensori-motor copy to that of evocations which still con- 
sist of gestures but are already symbolic. Subsequently, in 
accordance with the general laws of internalization of behaviour 
and in particular of social behaviour (cf. internal language, etc.), 
we find that imitation, which can already be deferred (and there- 
by enriched) begins to extend also to internalized imitations. It 
is in the establishment of these that we can find the starting point 
of imaged representation and of images themselves in their 
capacity of motor reproductions. 

In conclusion, there is no doubt that genetic data (by putting 
the evolution of images so much later than that of perception and 
by relating images to symbolic processes proper, which govern 
representation in general) throw considerable light on psycho- 
physiological facts. But these genetic hypotheses, of which cer- 
tain consequences have yet to be verified by experiment, naturally 
explain only the beginnings of specifically reproductive images. 
There remains the whole problem of the subsequent develop- 
ment of images, particularly in their anticipatory form. 


4 Experiments on elementary reproductive images 


Before attempting to classify the different varieties of images 
according to development (which supposes rather more complex 


experiments than those of which we are about to speak), we must 
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justify the preceding hypothesis by analysing what might almost 
be called copy-images. These are images of an object constructed 
in its presence. For instance, the object of the image may simply 
be displaced (without the displacement being in any way difficult 
to understand). In such cases, either the image merely prolongs 
perception, which would contradict our hypotheses, or else it 
differs from it and it will be necessary to examine to what extent 
it comes close if not to internal imitation (a reality which un- 
fortunately it is difficult to penetrate) at least to external imitation, 


in the form of gesture or drawing. 


1 Reproductive image of a rod 


We began by conducting with B. Matalon the following experi- 
ment on one hundred and ten children aged from five to eleven 
and sixty adults. A black and rigid rod A, made of wire and 
measuring 20 cm. in length and 1:8 mm. in diameter is presented 
to the subject and placed on a sheet of paper perpendicularly to 
the sagittal axis (henceforth referred to as the ‘horizontal’ 
position), but on the left half of the sheet of paper. Then the 
subject is told that the rod is going to be rotated (showing him an 
actual rotation of 180°) until it reaches position A, a direct pro- 
longation of the first position. He is then asked (Question 1) to 
draw the rod A to the exact length that it will be in position Al. 
While he does so, the rod is left in its original position. Question 
2 consists in picturing (again with a drawing) the length of rod A 
as it will be in A! after it has been displaced by a simple movement 
of translation, which is also physically performed before return- 
ing A to its original position so that the subject continues to have 
it before his eyes while drawing. Question 3 simply consists in 
drawing rod A in A? reproducing the exact length, A remaining 
where it is and no mention being made of displacement. One can 
see that in all three cases the task consists in drawing the same 
rod A, perceptually present, in the same position A!, the only 
difference between the three questions being that the rod A is 
supposed to move by rotation or translation in questions 1 and 2 
and to remain motionless in question 3. The results obtained 
were as shown in Table 1 overleaf. 
e seen that 1) young children of 5 produce shorter 
(with no significant 
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differences between rotation and translation) than when making 
a direct copy (there is a very significant difference between 
drawings in this category and those in the other two.! 2) These 
underestimations diminish with age and are not found in adults. 
3) The copy itself is subject to underestimation by young chil- 
dren and this too disappears with age. 


TABLE 1 


Errors in drawings of the length of a 20 cm. rod when 
subjects are first asked to imagine rotation and translation, or 
simply to make a direct copy (averages as a percentage of 20 cm.) 


Rotation Translation Copy 


Age 5 

(30 subjects) 
% -—205(159cm.)* —190(16-2cm.)  -13:5 (173 cm.) 
c 2:8 2'2 15 

Age 7 

(20 subjects) 
9, —20:5(15:9 cm.) —17:0(166cm.) —10:5 (17:9 cm.) 


o 2'9 22 r8 
Age II 
(60 subjects) 
% —5'0 (19:0 cm.) — 4'5 (19:1 cm.) — 8-5 (18:3 cm.) 
c 17 1:2 r'o 
Adults 
(6o subjects) 
% +3°5 (20°7 cm.) —2:5 (19:5 cm.) + 2:0 (20:4 cm.) 
c 13 I2 I'l 


* 15:9 = Mean of the actual length of the rods drawn. 


Underestimation of length when copying proved very general 
in all the drawings of straight lines produced by children of five 
to six. This is decidedly interesting from the point of view of 
images themselves, since it shows that the simple graphic repro- 
duction of a line implies a previous schema which precedes the 
act of drawing. We shall therefore come back to it in a moment 
when comparing graphic reproductions with reproductions by 

1 The three values all differ significantly from 20. Taking into account the 
fact that the three measures were recorded for the same subjects, we find for 
Student's t that £ = 1:29 (not significant) between rotation and translation and 
t = 3°65 or 3°14 (highly significant) between rotation or translation and copy. 
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means of gestures. But it can be said at once of this ‘anticipatory 
sketch’ that, even if it does not lead to a complete mental image 
of the line to be drawn (complete in the sense of containing a 
quasi-sensory element, as discussed in Section 2, 1) it is related 
to images considered as motor ‘sketches’. This explains what 
happens in questions 1 and 2, when young subjects are asked to 
draw in the same position A! the same rod A, clearly visible in 
front of them. They make it even shorter simply because they 
first imagine a displacement on request. That they do this is a 
clear indication that there exists an imitative or quasi-imaged 
anticipatory motor schema before the process of drawing begins 
(since the difficulties in drawing are identical in all three cases, 
and reduced to the minimum); furthermore, it is proof that this 
imitative motor anticipation is partially inhibited as soon as the 
subject tries to imagine something further. What happens is not 
that subjects are distracted by their effort to imagine the rotation 
in detail, for we shall see that they are hardly capable of doing so. 
Nor is it simply that a curb is put upon the movement of the 
hand in drawing for although this factor probably plays a part 
(particularly in the underestimation that occurs during direct 
copying), it does not explain the significant differences between 
the drawings following rotation or translation and direct copies. 
Finally, it cannot be ascribed either to non-conservation of the 
length of the rod in the case of rotation or of translation, such as 
occurred in the operational test based on the overlapping parallel 
sticks! since there is no overlap in this instance: 78 per cent of the 
subjects examined affirmed conservation in these cases (against 
25 per cent of the same subjects in the case of the overlapping 


sticks). 


2 Graphic and digital estimations 


Let us now return to the underestimation of lengths found 
in direct graphic copying, as compared with reproductions by 
means of simple digital indication. We feel that these phenomena 


Two equal rods measuring 15 or 20 cm. are 
equality is demonstrated by putting them 
one of the rods is moved under the child's eyes until it overlaps 


(allowing a gap of 3-5 cm. between the rods to facilitate 
children consider one of the rods to 


1 Test of conservation of length. 


presented to the subject and their 


together. Then, 
the other by 5 to 7 cm. 
comparison). Until about the age of 7 or 8, 


be longer than the other because it overlaps it. 
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are important in that they can help us to understand reproductive 
images, in particular when they are compared with transforma- 
tional images and anticipatory images, which will be considered 
in Section 5. 
The child is presented with a cylindrical rod 15 cm. in length and 
18 mm. in diameter, resting horizontally on a 33 cm. square sheet 
of paper. The child has a sheet of the same size on which to draw. 
The model is placed slightly nearer the top of the sheet (to the left or 
to the right), the child faces midway between the two sheets. Results 
for right and left were found to be identical, whereas when the model 
is placed level with the drawing to be made, underestimation, while 
still evident, is a little less marked. The tests are as follows: a) copying 
the rod in the horizontal position (after attempts have been made in 
the sagittal and the oblique positions); 6) choosing from drawings 
measuring 13, 14, 15, 16 and 17 cm. in length, the one that appears 
equal to the model rod (when the children indicate several, it is worth 
asking in the case of each one whether it is too big, equal or too 
small). While questions a) and 5) are being asked, and also while the 
next is being asked, the model rod is taken away and replaced each 
time to avoid possible error concerning the standard. (cf. Chapter 18, 
Section 2, 1); c) Digital evaluation: the child is asked to reproduce 
with his two forefingers the extremities of the model rod, on a similar 
blank sheet measuring 33 X 33 cm. 


The results obtained with 53 subjects by F. Frank and T. Bang 
were as shown in Table 2. 

There is a clear contrast between digital indication, which 
begins by an overestimation (whereas motor copying or indication 
by gestures is similar to drawing, according to research to be 
published elsewhere), choice among ready-made drawings 
(slight underestimation) and the graphic image itself. Controls 
have been applied showing that the phenomenon persists inde- 
pendently of the actual length of the lines and also operates in the 
case of closed figures (such as a square). It is essential to note, 
moreover, that subjects of 5 or 6 draw with a single stroke. 
Adjustments and corrections are not really made until the age of 
7. (Table 2 deals only with the initial drawings but spontaneously 
amended drawings continue to show marked underestimation.) 
It would appear, therefore, that underestimation, while specific to 
graphic images, has a bearing on mental images. It indicates that 
in order to make even the most immediate copy, there must be an 
anticipatory sketch or pre-image and that it is this sketch which is 
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"TABLE 2 


Copies of the length of a 15 cm. rod 
(errors as % 


Drawing Choice Digital evaluation 
Age 5-6 -22% -49% +93% 
(22 subjects) (21177 cm.) (=14:2 cm.) (=16-4 cm.) 
Age 7-8 — 140% -46% +102% 
(18 subjects) (=12:9 cm.) (7143 cm.) (16:5 cm.) 
Age 9-10 — 140% -30*6 +37% 
(20 subjects) (12:9 cm.) (=14:6 cm.) (15:6 cm.) 


perturbed when the subject isat thesame time required to imagine 
rotation or translation as in Table r. In the majority of cases 
this anticipation, which already plays a part in reproductive 
images, is accompanied by a process of restructuring (we shall see 
an example of this in the following section, Table 3). We wanted 


to show the difference between images and perception from the 
outset, and in order to do this, we felt that it was useful to estab- 


lish that even in a simple graphic copy, the movement is planned 
since errors are not distributed at random. This anticipation is at 
once motor and representative (since the gesture concerned is 
intended as a copy and is not merely an idle movement). It 
contains, in an as yet indistinct form, an element of internal 
imitation which will emerge in an explicit form in all the varieties 
of images. These we must now classify. 


5 Classification of images as a function of their development 


Images can be classified according to their content (visual, audi- 
tory, etc.) or according to their structure, and it is this second 
standpoint alone that will concern us here. The problem that 
arises takes the following form. A normal adult is capable of 
imagining static objects (a table), movements (the swing of a 
pendulum), known transformations (dividing a square into two 
equal rectangles). He can even imagine in anticipation a trans- 


formation that is new to him (thrice folding a square sheet in two, 
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cutting off the point of intersection of the folds with scissors and 
imagining before unfolding the paper that he will see two holes 
and not just one, as when the paper is only twice folded in two). 
It is clear, however, that these various images are not all equally 
easy to build up and that there exist, therefore, hierarchic levels of 
images, possibly corresponding to stages in development. Un- 
fortunately, research has not yet progressed far enough for us to 
be able to identify any such stages. Indeed, this is one of the main 
problems that remain to be solved but we felt that we should 
mention its existence. On the other hand, it is already possible 
to outline a structural classification of images and to base this 
classification on restricted studies showing that, in a given limited 
experimental situation, a particular category of images is formed 
before another particular category. We are now going to demon- 
strate this. 


To make it easier to understand Section 5, we shall begin by setting 
out the proposed framework, which we shall later show to be justified 
by the facts. We must first of all establish a dichotomy between re- 
productive images (R), consisting in the evocation of objects or events 
that are already known and anticipatory images (A) which represent 
in imagination an event not previously perceived. Reproductive 
images themselves fall into three categories. They are static (RS) 
if they evoke a motionless object or configuration and kinetic (RK) 
if they evoke a movement. Finally they may consist of images re- 
producing a transformation (RT), if they figure a transformation that 
is already known (such as the transformation of an arc into a straight 
line in the case of subjects who have already had experience of this 
with a piece of wire, etc.). Anticipatory images may also be kinetic (AK) 
or may refer to transformations (AT). This simple framework is not 
sufficient, however, and two further subdivisions must be introduced 
for the following reasons. In the first place, it may be of interest for 
genetic reasons to distinguish in the case of static reproductive 
images (RS) and kinetic reproductive images (RK) between images 
produced by immediate copy (RSC and RKC) and deferred images 
(RSD and RKD). Secondly, transformational images (RT and AT), 
to which this distinction cannot apply, nevertheless comprise two very 
different levels according to whether the subject imagines only the 
result or product P of the transformation (hence RTP and ATP) or 
forms clear images of (and could for instance draw) the stages of the 
transformation itself, with all its successive modifications M (hence 
RTM and ATM). 
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l Kinetic reproductive images 


We shall naturally not examine each of these classes of images 
but simply give a few typical examples (in this paragraph and 
in Section 6). Taking static or kinetic reproductive images first, we 
find that Table 2 has already shown the need to distinguish 
between deferred images and the kind of image or pre-image 
occurring in immediate copy. The following experiment is 
instructive from this point of view, but it concerns kinetic images 
only. Having observed with Lambercier the difficulty experi- 
enced by young subjects in reproducing the movements per- 
ceived in the configurations used by Michotte to study causality, 
we took up the problem with A. Etienne, in the following form. 
Two 1 cm. cubes (one red, one blue) are moved along a 75 cm. 
trajectory according to various patterns: 'entraining' (the first 
cube starts from the beginning of the trajectory, joins the second, 
which is standing still in the middle, and carries it along by con- 
tact to the end of the trajectory;) launching (id. but the second 
moves alone after the impact); crossing (both cover the whole 
trajectory but in opposite directions to one another); simultan- 
eous displacements (the first covers half the trajectory while the 
second covers the other half in the same direction); symmetrical 
movements (each starts from one end, touches the other at the 
half-way point and goes back in the opposite direction) and partly 
symmetrical movements (one makes the two half-journeys while 
the other starts from the middle and goes to the opposite end). 
The subject is given two similar cubes which he moves by hand 
on a table (but under a screen to avoid visual checks) and is then 
asked to reproduce the movements perceived, either during actual 
perception or immediately after the model has stopped moving. 
The results are as shown in Table 3 overleaf. . 

In considering failures in simultaneous reproduction, allowance 
must naturally be made for difficulties arising from the perceptual 
structurization of the model and for those in motor co-ordination,! 
etc. But what interests us here is that there is a gap between 
simultaneous imitation and consecutive reproduction, which is 
very wide at the age of three to four and which narrows with age. 


ing the most difficult), subjects 


1 [n the case of asymmetrical models (these bei 3 
mmetrical move- 


err particularly in the direction of ‘good motor forms’, i.e. sy! 
ments. 
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TABLE 3 


Comparison of successes (as % of number of subjects) 
in the simultaneous and consecutive reproduction of pairs 
of movements 


Simultaneous reproduction Consecutive reproduction 


Immediate — Progressive* Immediate Progressive 


Age 3 

(7 subjects) 38 64 o o 
Age 4 

(21 subjects) 64 81 15 35 
Age 5 

(12 subjects) 77 97 58 93 
Age 6 

(1o subjects) 100 100 8o 100 


* Progressive successes (which include immediate successes) are obtained by 


reproducing the experiment several times and therefore owe something to 
learning (practice effects). 

Table 2 also shows us that the simultaneous copy itself implies a 
pre-imaged motor sketch which becomes automatic with age. 
Taken together, these two facts show the complexity already 
present in ordinary static or kinetic reproductive images. We 
must therefore expect a much greater difficulty when we come to 
transformational images. In particular we shall find that they 
follow much clearer stages of development. 


2 Anticipation of the rotation of arod 


Between kinetic reproductive images and those that reproduce 
transformations, we find all the intermediate forms, since a 
movement may be considered as a transformation of positions. 
It is only in the case of changes affecting at least orientation itself 
(co-ordinates) that we shall speak of transformations, however. 
We shall now give a typical example of the initial difficulty that 
subjects experience in reproducing by means of images the 
simplest and most commonly encountered transformations. It 
concerns mercly the transition from the vertical to the horizontal 


position of a rigid rod pivoting on its lower extremity (research 
carried out with F, Paternotte). 
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The experimenter presents to the child a black vertical rod 
of which the base is fixed and he shows with a quick gesture how 
it passes from this original position to the final horizontal posi- 
tion. The subject is then asked to represent these two extreme 
positions and some of the intermediate positions. There are four 
ways of reaching the mental images of the child and although, 
naturally, none of them yields the internal image itself, it is 
possible by comparing the results obtained with each method to 
arrive at a relative approximation: 1) Subjects are required to 
draw the vertical and horizontal positions (and are told that the 
rods must be pivoted about the same point, if they begin by 
leaving a space between the two lines). They must also show ‘how 
the rod will fall from one position to the other; 2) they are asked 
(but not immediately after making their drawings, which are not 
left on the table) to choose the best of several ready-made 
drawings which include correct drawings mixed with others 
reproducing the children's most frequent errors; 3) they are 
asked to imitate by gestures, using the rod itself, the actual move- 
ment that it describes: 4) finally, verbal commentaries can be 
useful in cases, admittedly rare, where the child considers his 
drawing an inadequate expression of his representation. 


' 
1 
[i 
! 
1 
1 
| 
D 


Fig. 1 


Results are so disconcerting before the age of 7 or 8 that one 
may well wonder whether the question put before the children is 
not a matter of comprehension and of geometrical operations 
rather than of images as such. Yet they are not asked to make a 


judgment but only to evoke an everyday situation, physically 
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recalled at the beginning of the experiment. We shall distinguish 
two main classes of inadequate images, in addition to entirely 
negative reactions (no representation): I: Trajectories inscribed 
in a square, either parallel to the extreme positions (1 and 2, Fig. 
1) or correctly oblique but with the extremities inscribed in a 
square (3). II: Random trajectories (4), curved trajectories (5) or 
others that merge with the trajectory of the tip of the rod (6), 
which trajectory is represented by a straight line. 
The results are as follows: 


TABLE 4 


Drawings, choice among figures or imitation by gesture, 
of the trajectories of a rod falling from the vertical position 
to the horizontal position 


Correct 
Drawings ErrorsI Errors II Choice Imitation 


Age 4-5 

(18 subjects) 23 54 18 21 7 
Age 6 

(17 subjects) 47 29 24 46 43 
Age 7 

(17 subjects) 65 6 29 81 87 
Age 8-9 

(11 subjects) 82 9 9 82 82 


It is clear that there is satisfactory concordance between the 
results of the three techniques, except that the imitation of 
trajectories in space is more difficult at the age of 4 to 5 than their 
graphic representation. Also, at the age of 7 drawing seems to be 
slightly behind choice and imitation. Choosing among ready-made 
drawings is no better than the drawings themselves. 


3 Interpretation and control experiment 


One might be tempted to conclude from these facts that before 
the age of 7, children have inadequate reproductive images 
of transformations simply because they have not noticed these 
transformations. A subject who has never paid attention to the 


increment or the decrement of the moon cannot be expected to 
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have an image of its transformation! In other words, it would 
follow that this experiment teaches us nothing about images, but 
only about the boundaries of the area of reality which can be 
evoked by images. Things are not so simple, however, as the 
fact remains that a) this type of reproductive image is relatively 
good from the age of 7 or 8, thus from the level of the first 
‘geometrical operations’. This raises the question whether these 
two acquisitions are related; b) if the construction of the image is 
due solely to the fact that the transformation of which the child 
was hitherto unaware (although it corresponds to a common 
experience) is finally noticed, then we must try to find out how 
a reality must be 'noticed' in order to be translated into an ade- 
quate image. Is it sufficient to look at it, in accordance with the 
hypothesis that images are an extension of perception, or must it 
be imitated? In the case of transformations, this would suppose 
a more complex imitation than with static or even kinetic images, 
assuming that such imitation is partly a matter of comprehension 
and amounts to a figurative symbolization of the operation itself. 

To clarify this question of the path through which a vertical 
rod falls,! we undertook a control experiment with B. Matalon. 
The experimenter asks the child to draw a rod that 'falls a little 
way’, at the same time tracing the direction on the paper with his 
finger, thus accentuating the ‘reproductive’ aspect of the images 


TABLE 5 


Drawing of oblique lines following indication of direction 
(as % of number of subjects) 


/o 


Straight lines 


No in wrong Curves Correct 
Drawing direction Drawings 
Age 4-5 (18 subjects) 12 : = oa 
Age 6 (17 subjects) 12 6 ^ 5 
j o I 
Age 7 (17 subjects) : : - Le 


Age 8-9 (11 subjects) 


i ithout saying that if one 
other controls besides. It goes witho y hat i 
i j is i: i i ional artifact) to maintain the 
obliges the subject (but this is a kind of intentional a à 
fixity of the ner results are better than those given in Table 4. Ev en so, one 
finds that only 66% of the subjects succeed at the age of 5 or 6, as in Table 5. 
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concerned. Besides drawings correct except as regards length, 
one still finds straight lines drawn in the wrong direction or 
curves. 

It can be seen from Table 5 that results are a little 
better but still inadequate before the age of 7. We made a separate 
study with F. Paternotte of the image of the trajectory not of 
the whole rod but of its tip, on which we fixed a pearl or a pin 
surmounted by a pearl. Again, it was found that the image is 
adequate only from the age of 7 or 8. The same applies to draw- 
ings of the whole rod when its lower and upper halves are shaded 
in two distinct colours. 

Returning to the problem of the structural classification of 
images, we thus find that 1) an important distinction must be 
drawn, from the point of view of development, between static or 
kinetic reproductive images and transformational images; 2) 
where the latter are concerned, there is probably not as clear-cut 
a difference between reproductive and anticipatory images as 
there is in the case of kinetic images (to which we shall return in 
Section 6). 'T'his is because in order to reproduce a transformation 
by images, it seems necessary to understand it and thus be 
capable of anticipating it. We must therefore return to the ques- 
tion of anticipatory images in general, both those referring to 
movements (kinetic) and those referring to transformations. In 
particular we must continue our discussion of the relations be- 
tween the formation of images and the area of reality to which 
they correspond, since that is the problem which dominates the 
whole question of the evolution— whether autonomous or not— 
of the different types of imaged representation. 


6 Mechanism of the evolution of images 


1 Introduction 


In studying the development of intellectual operations (Chapter 
24 of this work), one finds an evolution which can be described 
as autonomous in the sense that, despite the complexity of the 
factors involved (maturation, physical experience, social interac- 
tions and equilibration), there occurs a progressive structurization 
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which begins at the level of sensori-motor actions and ultimately 
extends to the higher operations. This structuring applies only 
to the operative aspect of the cognitive functions since this 
aspect progressively dominates the figurative aspect without 
being determined by it. On the contrary, the development of one 
of the main figurative mechanisms, that is, perception (Chapter 
18), appears progressively subordinated to the intervention of 
external factors, operative in origin: first the whole action and 
finally operations. We consequently feel that the main question 
concerning the evolution of images is to determine upon which 
of these two kinds of development it depends. 

'The method to be followed, in studying a question of this kind, 
consists in analysing anticipatory images, the existence of which 
was hinted at in Section 5, and in discovering to what extent they 
derive in direct line from an earlier level of reproductive images 
or at what point they begin to imply the intervention of new 
mechanisms which lie outside images. It goes without saying that 
we shall then again come across the question that was raised in 
connection with the trajectory of rods (Table 4): what makes an 
image appear? Is it simply the discovery of the objects which it 
evokes and is there therefore a progression whereby the first 
images to be formed are those of static objects, followed by those 
of movements etc., and finally of operations (in the case of antici- 
patory images)? The image itself would not change in character 
but its content would simply grow richer. Could it be, on the 
contrary, that the process of internalized imitation, which con- 
stitutes the image, undergoes a transformation according to the 
type of behaviour to be imitated (namely perceptual exploration 
in the case of static forms, but operations in the case of trans- 
formations to be imagined in anticipation)? Is the structure of the 
image thus modified according to what is to be represented? 


2 Transformation of an arc into a straight line 


Starting with the study of images which anticipate a transfor- 
mation, one of the simplest possible modifications—so simple 
that one could at first take it to be only a question of perceptual 
evaluation—is the transformation of an arc into a straight line or 
vice versa. The images required of the subjects may refer only to 
the result of the transformation (compared lengths of the straight 
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line and of the arc) or to its stages (intermediate figures between 
the original and final configurations). 


The child? is given three arcs measuring 10, 13 and 24 cm. (arcs of a 
circle with a circumference of 26 cm.), made of flexible wire, and he is 
asked 1) to copy these and also straight lines of the same length (this 
preliminary question is intended to assess the general underestima- 
tion inherent in the drawings of young children; it is given to a 
separate group of subjects, so as not to influence the remainder of the 
experiment); 2) to draw (reproducing their exact length) the straight 
lines that will result from drawing out the arcs (the transformation of 
an arc into a straight line is demonstrated with the aid of another 
piece of wire); 3) to indicate with his two forefingers (symbolism here 
takes the form of gesture and not of drawing) the length of these 
straight lines, while looking at the corresponding arcs; 4) to run his 
finger along an arc and to trace with his finger a straight line of 
equal length; 5) to choose straight lines equal in length to the arc 
among ready-made drawings or straight pieces of wire; 6) to draw the 
stages of the transformation by which the arc becomes a straight line 
(with a minimum of three drawings, two of which show the extreme 
positions and one—or more, if possible—shows an intermediate 
position); 7) to choose among ready-made drawings those which best 
represent these stages in the transformation. 

All these questions are also asked about the transformation which 
results from bending a straight piece of wire into an arc. In addition, 
it is useful to have information about the level of understanding 
attained by the child concerning the conservation of length. He is 
therefore asked whether two straight lines of 11 cm., which are shown 
side by side, remain the same length if one of them is transformed 
into an arc. Finally, again for the sake of information, he is shown an 
arc with a chord and asked (with the drawing still before him) 
whether the chord is equal to the arc, or longer or shorter. 


We shall report only three of the many findings which we 
obtained with this technique. The first is that the straight lines 
resulting from drawing out arcs are at first heavily underestimated 
(and this even in relation to the mean of the underestimations 
found in copies) and that this systematic error diminishes with 
age, while the arcs resulting from bending straight lines are 
greatly overestimated and this error likewise is corrected with 
age (see Table 6). 

The second finding was the discovery that children are not 


1 This research was carried out with F) rançoise Frank. 
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able, until about the age of 7, to picture, even by approximate 
images, the intermediate stages between the arc of a circle and the 
straight line that results from drawing it out, or vice versa. 


up ar 
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Fig. 2 


Rather than enter into statistical detail, we shall simply give the 
eight types of drawings that we obtained showing the transfor- 
mation of an arc into a straight line, a transformation which was 
in fact suggested to the child by pulling symbolically the two ends 
of an arc made of wire. Yet, among the drawings obtained (Fig. 
2), series I (A-D) shows no increase in length (cf. Table 6) and 
drawing A even shows a decrease. Moreover, only drawings C 
and D show a flattening of the arc, but C does so ina discontin- 
uous fashion and D correctly but without increase in length. In 
series II, where the increase has been achieved (E-H), only H is 


TABLE 6 


Estimation of the results . : 
of the transformation of an arc into a straight line 
(Mean of errors as %) 


8- 
Age 5 Age 6 Age 7 Age 9 
(ro bem (9 subjects) (T0 subjects) | (ro subjects) 


Transformation 


Of an arc into a 

Straight line -34 x -8 -Ti 
nverse 

transformation +29 +8 +i +7 
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correct, while E-G present discontinuities either in the curve or 
in its extension. 


3 Interpretation 


What is striking about these drawings and about Table 6 is 
that the initial underestimation of the straight line derived from 
the arc or the overestimation of the arc derived from the straight 
line are brought about by the consideration of boundaries; thus, 
the straight line resulting from the arc does not extend beyond the 
boundaries of the arc and conversely the arc resulting from the 
straight line extends to the very boundaries of the line. This isa 
common reaction in representative (but not in perceptual) 
evaluations of length, at pre-operational levels: through lack of 
differentiation between ‘long’ and ‘far’, two trajectorics are judged 
to be of the same length if they have a common finishing point 
irrespective of their starting points. 

One could perhaps object that, in these initial reactions, the 
child's mental image does no more than express his notion and 
presents nothing special or interesting as an image. But where 
does this notion come from? First of all from the initial primacy 
of ordinal over metrical considerations, and this initial primacy 
is indeed notional in character and unrelated to images. To this 
must be added, however, that 1) these relations of order apply in 
the first place only to the finishing points; 2) ‘far’ does not replace 
‘Jong’ through mere semantic misunderstanding but through lack 
of differentiation between them and 3) the consideration of 
boundaries that are not to be overstepped plays a general rather 
than a purely ordinal role, as we shall see in a later experiment. 
Our interpretation is therefore as follows: ordinal relations of a 
notional character are not the only factor responsible for inife 1 
reactions, indeed their excessive hold on the cht? comes pre- 
cisely from the fact that they are linked to imag és, The character- 
istics peculiar to pre-operational thought covid therefore largely 
be explained by the fact that it rests on “mages. Thus, we are 
once more led back to images. It is therefore by comparing them 
to the operations that begin at the age of about 7 or 8 that we 
must try to find the reason for the preceding reactions. 

The solution can be sought in the following direction. The 


aie which is responsible for the transformation of an arc 
11 


Mental Images 


into a straight line, or vice versa, is essentially an ‘act’ which has 
two characteristics: a) it brings about the transformation in a 
continuous fashion, and b) it conserves the fixed length through- 
out the transformation. However, conservation of length is 
accepted by only r5 per cent at the age of 5 and it begins to be 
recognized only at the age of about 6 or 7; as to continuity, Table 
6 and Figure 2 clearly show what conclusions we must draw. It 
is easy to see that, even at the operational level (and in adults 
even, no matter how mathematically inclined they may be) 
no mental image is sufficient to symbolize the operation ade- 
quately. No matter how adequately we try to visualize the 
transformation of an arc into a straight line or vice versa, our 
images proceed in jumps and do no more, according to Bergson's 
famous phrase, (which was in fact a criticism of imaged repre- 
sentation and not of intelligence as revealed in operations!) than 
to take instantancous 'snapshots' amid the continuum, instead of 
attaining it as a transformation. What is more, none of our images, 
although in themselves static, give us the least assurance of 
conservation. . . . Thus, images cannot exhaust the operation and 
there are gaps, which are particularly numerous at the pre- 
operational level. The results are: inability to anticipate in 
imagination, inadequate intermediate images and (through 
failure to imagine the transitions symbolizing continuity) evalua- 
tion based only on the starting and finishing points and on the 
preferred character of boundaries. At the operational level, on the 
other hand, there appears a new type of image based on symbolic 
imitation of these operations which succeeds in multiplying 
‘snapshots’ to stimulate a continuum and in anticipating approxi- 
mately the continuation of the sequence thus evoked. 


4 Images of a somersault 


Another experiment shows equally clearly the link between antici- 
Patory images and the constitution of operations. It ee s 
imagining the trajectory of a cardboard tube somersaulting in the 
air, with a rotation of 180°. Again drawings and gestures are 
used, but with the addition of verbal description. A 15 cm. card- 
board tube is used. It projects over the edge of a spring-board so 
that one has only to press the free end with a forefinger to pro- 


duce a somersault and to make the tube drop on the table with 
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its ends reversed. At the outset, the front half of the tube is red 
and the back blue. When it comes to rest the colours are therefore 
reversed, in a way that is clearly perceptible to the subject. 


The tube is first placed on the spring-board and the child is told to 
look carefully at what is going to happen as he will have to draw it. 
There follows the somersault and the tube is removed immediately 
after its fall. The child is then asked to draw the tube as it was on the 
‘box’ and as it comes to rest on the table. He is next asked to draw 
intermediate stages. (‘Draw the tube as it was soon after leaving the 
box; a little after that;’ etc.) Then the tube is given back to the child 
who is asked, while holding it in his hand, to reproduce the movement 
it described (as slowly as possible). It is therefore not a matter of 
reproducing the somersault, but of following its course in slow motion 
holding the tube from beginning to end. The subject is also asked for 
a verbal description if he has not given one as he went along. Finally 
he must draw the trajectory of the two ends of the tube, one in red 
and the other in blue. 


The following table gives the results for drawing, gesture and 
verbal description but does not take into account the degree of 
graphic success of the drawings. Eighty children were examined 
with E, Siotis, ranging in age from 4 to 7. 


TABLE 7 


Imagining the somersault performed by a tube 
(rotation of 180°) 
(Successes as % of number of subjects) 


Drawings of Verbal Trajectory 
intermediate Imitation description of the ends 
positions ~ — — 
One Both 


correct correct 


Age 4 

(4 subjects) o 25 25 o o 
Age 5 

(18 subjects) o 23 59 o o 
Age 6 

(19 subjects) 18 42 64 28 o 
Age 7 

(20 subjects) 42 45 75 30 5 
Age 8 

(19 subjects) 60 70 109 30 60 
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The verbal description was judged correct as soon as the idea 
of rotation was expressed in some way: ‘It fell over backwards’, 
*It turned over', "This side (the back) came to the front,' etc. We 
are thus concerned with global comprehension, which does not 
imply detailed determination of the trajectory in all its continuity, 
but which does include the notion of the final state seen as the 
outcome of the transformation. It is instructive to observe that 
this comprehension precedes imaged representation. It is better 
than reproduction by imitative gesture, which in its turn is better 


than drawing. 


5 Reversal of the ends 


As to the permutation of the coloured ends following rotation, we 
tried to establish 1) whether it was noticed and 2) whether it 
can be imagined. In order to answer the second question, we 
gave other subjects a white tube and asked them, after drawing 
the starting and finishing positions, to assign a distinctive colour 
to each of the ends in the starting position, and then to show how 
these are placed after the somersault. The results were as follows: 


TABLE 8 


Permutation of colours 
(as % of successes) 


Ages Age6 Age7 Age 8 


50 66 100 


Coloured tube 47 
60 71 100 


White tube 50 


that what might be called copy-images 
paragraph 7) are no better than antici- 
patory images, since they refer to the result of a transformation 
and in this sphere adequate observation calls for a measure of 
comprehension. Next, it is apparent that these results are better 
than those in Table 7, except where verbal description 1s con- 
cerned. This again shows that operational comprehension is 
ahead of representation or of images portraying the details of the 
transformation. But it shows, above all (and that is why we kept 


Tables 7 and 8 separate) that it is easier to imagine the result of a 
I21 


It is first of all apparent 
(cf. Section 5 and below, 
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transformation (i.e. the new order of colours) than the trans- 
formation itself (i.e. the permutation as a reversal of order result- 
ing from rotation). This is because the result of a transformation 
is only a state and a static image is all that is needed to represent 
it. This accounts for the simplicity of the images which we re- 
ferred to as RTP and ATP at the beginning of Section 5. The 
transformation itself, however, is a dynamic continuum and 
imagining the successive stages (RTM or ATM in our notation) 
remains much more symbolic and subordinate to the operation. 
Yet, despite the greater simplicity of the image of the result (cf. 
the figure of 100 per cent at age 8 as against 60 or 70 per cent in 
Table 7), it is only at about the age of 7 or 8 that it rises to 75 
per cent because it is subordinate to operational comprehension. 
'Thus, although the result of the transformation is only a state, 
it is a state that is imagined and even observed only in so far as 
it is produced by the transformation, and this presupposes that 
the latter is ‘understood’ even if it cannot yet be represented by 
adequate images. 


6 The displacement of a square 


In view of the fact that anticipatory images relating to the change 
in shape or rotation of an object are so late in appearing, what of 
the anticipation of a transformation which is no more than the 
simple displacement (translation) of one of the elements of a 
figure in relation to another? We studied this with F. Frank and 
'T. Bang. 
Two 5 cm. square cards, one above the other and touching (Fig. 3, 
A) are presented to the child and the experimenter checks first that 
the child can draw this configuration. Then the child is asked to make 
a drawing anticipating what the figure will look like after the top 
square has been slightly pushed from left to right while the lower 
square remains where it is (Fig. 3, H). Once the child's drawing has 
been obtained, he is asked to choose the correct figure among ready- 
made drawings. It is necessary to take the usual precautions with the 
youngest subjects: showing only a few drawings at a time and, if 
several are said to be correct, asking which is the best. As the choices 
appeared to be affected by the perseveration of the anticipations that 
had preceded them, we finally decided to study anticipations and 
choices with separate groups. As a final question, the children are 
asked to copy the correct figure (H) to make sure that such a drawing 
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Fig. 3 


1s possible. Several other controls were carried out: the same tests 
Were administered but with non-contiguous squares separated by a 
space of r cm., or with contiguous squares of different colours, or 
varying the instructions by saying that both squares would move at 


once in opposite directions. 


TABLE 9 


Graphic anticipations of the displacement 
of a square (in % of solutions) and choice among ready-made 
drawings (in brackets) 


Figures drawn A-D E,-E, F;-F3-G H (Correct) 


Age 4 (13 subjects) ss:s(414) 1171 (6-0) 5°6 (24:2) 27:8 (27:5) 


Age 5 (21 subjects) 29:0(33:3 4‘0(9‘8) 33°0(23°5) 340 (33:3) 
7:0 (6:3) 40-0 (28:2) 530 (53°0) 


Age 6 (21 subjects) 7-0 (12:6) 
Age 7 (10 subjects) œo (œo)  7o(ro 1556055 77'5 (77:5) 


Choices among ready-made drawings, representing the possible 
Solutions given in the anticipations, are except at the age of 4 
remarkably in agreement with individual anticipations. This 
already provides an answer to the possible objection that the 
Scarcity of correct solutions among young children is due to 
difficulty in drawing figure H and not to difficulty in visualizing 
It as an image. However, as we have already said, a control was 


carried out by asking the subjects to make a direct copy of figure 
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H. Although an exact copy was made by only 32 per cent of the 
19 subjects at age 4 and by 48 per cent of the 23 subjects at age 
5 to 5:5, it was achieved by 79 per cent of the 19 subjects at age 
5:6 to 5-11. Let us also note that when a space is left between the 
squares, one still finds errors of the type A-C but mostly figures 
of type D. Using squares of two colours does not improve results. 
Imagining the simultaneous displacement of two squares in 
opposite directions complicates the solutions. 

'To conclude, it is interesting from the point of view of the 
theory of images to observe how static they remain until the age 
of 7 and 8, even in such a simple case as a straightforward 
relative displacement. The subject may very well show by 
gestures the displacement of the top square but this is a global 
image. As soon as it comes to visualizing detail, either the top 
square becomes detached from the bottom square (drawings 
B to D) or the child begins to imagine the spatial shift, but 
pictures it as symmetrical (E, and E,) or else visualizes a projection 
to one side but a block at the other boundary (F, G). 


7 Kinetic anticipatory images 


We must now mention another type of experiment, relating to 
purely kinetic anticipatory images, that is, not to a transformation 
where a possible displacement is imagined but to the simple con- 
tinuation of a movement of which the beginning is perceived. We 
have in this connection resumed with E. Siotis earlier research 
on the notion of speed which had brought to notice the role of 
‘overtaking’ (cf. Chapter 24, Section 4, 4). In an experiment 
where we used two moving objects travelling at unequal speeds, 
and where one was about to overtake the other before they both 
stopped, we had been struck by the fact that young subjects 
either did not anticipate the continuation of these movements or 
else took into account only the order of the finishing points with 
no regard to the movements themselves. Here, then, is a field 
to be explored from the point of view of anticipatory images. 


The moving objects used as models follow two rectilinear and 
parallel courses 9o cm. long, the last third of which is through a 
tunnel. Before reaching the tunnel, the two cars, one red, one yellow, 
go through the following motions (with carefully regulated synchron- 
ism over 1} seconds and with respectively constant speeds): a) over- 
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taking (just before entering the tunnel); 5) catching up (at the exact 
moment of entry); and c) partial catching up. The points of departure 
are always staggered, one of the cars is always quicker than the other 
(but sometimes it is the one, sometimes the other) and both stop in the 
tunnel. The child is placed facing the half-way mark and looks down 
perpendicularly on the courses. He has a strip of paper 1-80 m. long, 
without a tunnel (but the part corresponding to the tunnel is coloured 
blue like the tunnel); every 1o cm. there are little strokes dividing the 
strip into equal segments (so that the experimenter can see whether 
the subject varies the intervals between the cars). The only two 
questions that interest us here are: a) reproducing the movements 
perceived (after the model cars have stopped inside the tunnel and so 
without a visible finishing point), and b) anticipating (immediately 
after the reproduction called for in question 1) the continuation of the 
movements perceived, on the understanding that the respective 
speeds are maintained (that ‘they go on travelling as before"). These 
questions are then followed by a verbal question c) on the speeds 
involved, to determine the operational level of the subject but this 
does not concern us here, except indirectly. Finally d) the tunnel is 
removed and the subject is asked to reproduce the relative movements 
of the two cars (and not merely the starting and finishing positions). 


It will be observed that the two questions (a and b) do in fact 
concern only mental images, reproductive in the case of (a) and 
anticipatory in (5). The subject is not asked to estimate speeds 
but exclusively to reproduce what he has seen, then to prolong it 
through anticipation. One could almost suspect, where success 
proves general, that such anticipation is no more than simple 
perseveration. The interest of the results obtained with 161 
children aged 5 to 11 lay precisely in showing that, even where 
there is correct reproduction, anticipation does not result from 
it by way of a simple prolongation, but implies new and original 
contributions. 

Let us begin by noting, but without dwelling on the fact since 
the problem was already mentioned in Section s, that the repro- 
duction of movements is far from being perfect and does indeed 
confirm what was said at the beginning of Section 6, 3 about the 
difference between images and operations from the double stand- 
point of continuity and conservation: in young children, repro- 
duction of movement proceeds in jerks, without conservation of 
Speed, thus with noticeable acceleration before catching up and 
temporary increase in the interval between the moving objects 
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after overtaking. It is only towards the age of 8 that subjects 
realize that in order to reproduce movements accurately it is 
necessary to see the objects move, that is, to take into account the 
kinetic continuum (with conservation) and not merely the finish- 
ing points, or starting and finishing points. Here are the results 
of the final reproductions (question d). 


'TABLE 10 


Reproduction of the movements of two cars (with no tunnel) 
(in 95 of number of subjects) 


Age 5 Age 6 Ages 
(30 sub- (30 sub- | Age7 Age8 Ageg ro-rr 
jects) jects) 
Overtaking 20 352 64:7 73:6 100 — 
Catching up 13:3 I1 411 63:1 100 — 
Partial 
catching up o 5:8 47 42:1 60 81 


Regarding anticipation, we shall distinguish three categories of 
reactions: 1) no anticipations, not even of the ordinal type; 2) 
purely ordinal anticipations, that is, taking into account only the 
order (before and after) of the cars and not the extent of the 
spatial intervals between them; 3) 'hyperordinal' anticipation 
(taking the term in the same sense as Suppes), which foresees 
that the spatial interval between the cars increases progressively. 
The results computed in the absolute and also in relation to the 
number of subjects who gave a good reproduction are given 
overleaf (Table 11). 

The conclusion to be drawn from this experiment is thus clear 
and confirms those of the three preceding experiments. In the 
first place, one observes that while hyperordinal consideration of 
increasing and decreasing intervals plays a fundamental part in 
the perception of speed,! it does not play a decisive part in antici- 
patory images (72-77 per cent) until the age of about 10 or 11, 
when the ordinal operations of speed (overtaking) give way to 
metrical operations (v=s/t). One then observes that ordinal 
anticipations only gradually assert themselves (approximately 


1 See Piaget, Feller and McNear, Arch. Psychol. (Rech, XXXVI). 
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between the ages of 6 and 8) linked this time with ordinal opera- 
ations. Briefly, whereas reproductive images proceed in static 
and discontinuous 'snapshots', images can only become antici- 
patory when directed by operations, by dint of multiplying 
'snapshots' and orientating them according to a new mode of 
comprehension, based on continuous transformation and no 
longer exclusively on the reproduction of configurations. 


8 The evolution of images 


The conclusion of Section 6, like the evolution of images, is not 
independent, in the sense that the anticipatory images which 
characterize the later stages do not simply derive from the repro- 
ductive images of earlier Stages. Like perception (Chapter 18), 
the activities of which are framed by the whole action and then by 
intelligence, images do not develop in an autonomous fashion and 
this appears to be a general characteristic of the figurative forms 
of cognitive activity; imitation also, in which images seem to be 
a product of internalization, cannot be achieved without the 
assistance of operative intelligence? since the child, like the 
chimpanzee, imitates only what it can at least partially under- 
stand. Images therefore begin at pre-operational levels by being 
reproductive only and attached to configurations (including 
kinetic configurations) rather than to transformations. Proceed- 
ing as they do by discontinuous and static ‘snapshots’, 
remain incapable of symbolizing transformations, But 
the constitution of intellectual operations, whose role is 
that of grasping these transformations through acts of 
comprehension, there appears a new type of image base 
imitation of these operations. Now, the imitation of an 
is not an operation, for it fails to capture the continu 
operation as well as the unique synthesis of invariances 
formations, but it imitates these new 
ing ‘snapshots’ of the internal move 
In this it allows itself to be guided by the movement itself and 
achieves the illusion of continuity by a diffuse consciousness of 
the jumps leading from each snapshot to the next. 


1 The reader is reminded that we use the 
aspect of intelligence which embraces action: 
operations. This is by opposition to the ter 
operations alone. 
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7 Images and thought: the role of images in the preparation 
and functioning of operations 


I Introduction 


Binet and the Würzburg School showed the existence of ‘thought 
without images’, although it would be better described as thought 
distinct from images, since as I. Meyerson (1932) stresses, it may 
be that all thought, even when distinct from images, needs 
imaged symbolic support besides the system of linguistic signs. 
We now know that this aspect of thought, distinct from images, 
is operational in nature. An operation is, in fact, unrepresentable 
in itself, being an act which is apt to become *pure' in the sense 
in which one speaks of ‘pure mathematics’, that is, independent 
of any object. Thus, a number does not carry with it any image, 
except in a symbolic capacity: if one tries to imagine the number 
4, one can ‘see’ four apples, or the sign 4, etc., but the number as 
such is something quite different and is defined by the bi- 
univocal correspondence between all sets of the same power. 
This correspondence in turn may also be symbolized, for example 
by spatial rows linked term-for-term, but in generalizing to ‘all’ 
one no longer imagines anything. That type of reasoning which, 
after verifying that a property is true at O and that it is also true 
for n41 if it is true for n, concludes that it is true of ‘all’ numbers, 
may rest at the outset on more or less distinct imaged ‘intuitions 

These symbolize among other things the succession of whole 
numbers, but these images provide an evocation that is ridicu- 
lously restricted in relation to the infinite... . If we turn to the 
child, we find that he long denies all conservation. Eventually he 
comes to admit that when the shape of an object is changed, the 
quantity of substance remains invariant, because increase in one 
dimension is offset by decrease in another. The point here is that 
the child’s image may well ‘symbolize’ an approximate compen- 
sation but it cannot of itself represent exact conservation or 
compensation even though operational thought recognizes these 


to be necessary. 
Nevertheless, it is unlik 

without imaged symbolic supp 

maticians recognize that even i 


ely that we ever carry out an operation 
ort and the most abstract mathe- 
f ‘intuition’ has no demonstrative 
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value, it remains indispensable as a tool for further discovery. 
This presents a problem and it remains for us to try to establish 
how far reproductive or anticipatory images contribute to the 
formation or at least to the functioning of nascent or higher oper- 
ations. But, here again, the answer cannot come from theoretical 
discussion. Experimentation alone is instructive. 

The method consists in going back to a number of known 
operational tests (see Chapter 24) and asking the subjects to 
anticipate by means of images some of the data and the products 
of particular transformations. This they must do prior to the 
manipulation and actual transformation of the objects concerned. 
This method has proved a fruitful one for in many respects it 
enables us to establish that images are ahead of operations, at 
least apparently. This forwardness must be interpreted and con- 
fronted with the apparently contrary results set out in Section 6, 


concerning the tardy formation of anticipatory images and their 
dependence on operations. 


2 Anticipation of the seriation of lengths 


An easily reproduceable experiment concerns the seriation of 
lengths. 


The child is presented with ten little strips of wood ranging from 
10 to 16:5 cm., placed in random order on a table, and he is asked to 
sort them into a ‘staircase’, starting with the shortest and ending with 
the longest. Following the usual technique, which is not directed at 
the problem of images, the child is allowed to manipulate the elements 
from the beginning and one thus obtains three levels from the oper- 
ational standpoint (for results in figures, see Chapter 24, Table 8). 

There is first of all the failure level where the child proceeds in 
pairs or small series which bear no ordered relation to each other. 
Next there is a level of pre-operational success where the child 
arrives at the correct series, but by trial and error and empirical 
corrections. Finally there is the operational level (age 7-8) where the 
child tries first to find, by paired comparisons, the smallest of all the 
elements, A, and having found it sets it down first; secondly the 
smallest of those that are left, B, which he puts in second place; 
thirdly the next smallest, C, etc. This level is called operational 
because the child uses a systematic and exhaustive method and 
because this method implies comprehension of the fact that a particu- 
lar element, E, is at once bigger than those preceding it (E > D, C, B, 
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A) and smaller than those following (E < F, G, . . . ), which implies 
reversibility by reciprocity.! To analyse the possible role of images, 
one will then proceed as follows: 

1) instead of allowing immediate manipulation of the strips of wood, 
the subject will be asked to imagine the result of seriation and, for 
instance, to draw in advance with a black crayon the ‘staircase’ to be 
achieved. We shall call this ‘global anticipation’ and it can also be 
symbolised by gestures; 2) strips of distinctive colours will be used 
and the child will be offered crayons of corresponding colours (with 
a few extra colours) and will be asked (before any manipulation) to 
make a coloured drawing of the series to be constructed, observing 
the correspondence between colours and lengths: this we shall call 
‘analytical anticipation’. 

The results obtained are very clear as to the distinction between 

global and analytical anticipations: 


TABLE 12 


Percentage of graphic varieties of anticipation of seriation 


Age 4 Ages  Age6 Age7 Ages 8-9 
(9 (33 (79 Go G 
subjects) subjects) subjects) subjects) subjects) 


Failure in 


anticipation 89 42 5 e 9 
Global anticipation 11 55 73 20 9 
Analytical 

anticipation o 3 22 8o 100 


It is evident from this that global anticipation is found much 
carlier than operational seriation (see Chapter 24, Table 8). This 
amounts to saying that a large number of subjects are perfectly 
capable of drawing the series in advance (in black or without 
taking the order of colours into account), but cannot for all this 
Construct it by an operational method (they are content to make 
Successive groping attempts until they arrive at a configuration 
that conforms to their internal model). Analytical anticipation, 
on the other hand, is at least as difficult as operational seriation. 

1 This operational solution is achieved by 6% of the s-year-olds (the same 


children as will be mentioned in connection with images), 22% of 6-year-olds, 
80% of 7-year-olds and 85% of 8-year-olds. For more extensive statistical 


results, see Chapter 24, Table 8. 
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3 Interpretation 


f anticipatory image was studied by A. RA 
Was based on the operation of eeriations =i 
J m these two interpretations. Rey (1944) of 
the ingenious idea of Presenting to children a square sheet w 
Paper with a square drawn in the middle and asking them to a 
he smallest possible square’! next spall 
n (or alternatively ‘the largest Pa anb- 
awn on the sheet). From the age of 8, osite 
ng a square of 1-2 mm*. (or, in the Ale the 
owing the edges of the paper), W se 
» despite their efforts at reducing or s scarcely 
r a long time to produce a Ra cor- 
ly larger than the original square. a lack of 
failure of small children as due T: seriation 
are not able to rely on operations O 


ild him- 
he child 
quare in the middle of the sheet was drawn v be drawn; 
n Taw, next to it, the smallest square t d fails. he is 
Taw a square s it couldn't be any smaller.' If the cl 
n even smaller square, etc. 
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but from the age of 7 or 8 the handling of this operational struc- 
ture makes it possible to clear in one leap the series of inter- 
mediate squares between the one given and the one required. One 
then sees why it is that this anticipatory image, even if the ques- 
tion asked does not explicitly call for an operation, is of late 
development. It is because, like the analytical anticipation of 
drawings in colour, it rests in fact on seriation as an operation, 
Whereas global anticipation does no more then evoke in advance 
the required configuration, which could be the product of an 
Operation but is not necessarily so (unlike Rey's largest and 
Smallest possible squares), since it is also simply a good per- 


ceptual form. 


1 Anticipation of conservation 


A second experiment, itself the prototype of a series of others, 
has yielded similar results. It shows that images are partly ahead 
of operations and it also shows the use made of images in oper- 
ations and the final subordination of states or configurations to 
transformations which cannot be represented figuratively in an 
adequate fashion. 

Former observations (see Chapter 24, Section 2, 5) had taught 
us that if one transfers a liquid from a glass A, to a glass B which 
is narrower and taller than A, or into a glass C which is wider and 
lower, a child of 5 to 6 does not believe in the conservation of the 
quantity of liquid transferred. At the age of 5 (see Chapter 24, 
Table 4) one obtains only 4 per cent total success, at 6, 18 per 
cent and at 7, 74 per cent (as against 85 per cent total failure at 5, 
40 per cent at 6, and 4 per cent at 7, the other reactions being 
intermediate). We therefore asked ourselves with S. Taponier: 
1) whether children of 5 to 6 would imagine conservation or the 
reverse when the transfer was not physically performed (or else 
Performed behind a screen so that only the outline of glasses B 
and C could be seen) but simply anticipated in thought; 2) what 
anticipatory image they would have of the levels reached by the 
liquid in the course of these imagined transfers; 3) how they 
Would imagine the levels reached by two equal quantities (= the 
Same amount ‘to drink’) in glasses A and B.! . 

The results are very decisive. Out of 44 -+ 30 subjects (the 

1 Independently, therefore, of any transfer. 
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latter with six glasses instead of three), 4 categories of responses 
were found (a to d). First, we should note that the levels ene 
correctly anticipated (for 3 glasses: question 2) by 25 per cent "a 
the subjects at age 4 and 5, 38 per cent at age 6, 63 per cent at ag 
and 72 per cent at age 8. ; 

: a) Fire there ut du subjects who anticipate connor 
(question 1); they also imagine that the levels will be maintaine À 
despite differences in Shape and size between the glasses inp 
tion 2), they assign equal levels to equal quantities (question 5 
and therefore no longer believe in conservation when the liqu 

is actually transferred at the end of the experiment. d 

D) Then there are subjects who anticipate the levels correc s 
(question 2), but who do not anticipate any conservation me 
tion 1), because they believe that equal quantities mean ione 
levels (question 3). They therefore continue to deny conserva 
When the liquid is actually transferred. ctly 

c) There are subjects who foresee conservation, who eg d 
anticipate the levels (questions 2 and 3) and thus maintain 
opinions when the liquid is transferred at the end. late 

d) Finally there are a few aberrant subjects who ipm to 
conservation (through simple identity) without being a 
predict the levels. Le levels 

If one calculates the relation between anticipation of qued 
(question 2) and final conservation (after actual transfer) 
finds that ion; 
a) 30 per cent fail to imagine levels and final jeep e 
b) 23 per cent Succeed in imagining the levels but fail in 

final conservation; 

€) 42 per cent succeed in imagining the levels and succeed 

with the final Conservation; i e 
) 5 per cent fail to imagine the levels but succeed with th 
final conservation. 

It therefore Seems that in cases where levels are "som A 
imagined prior to any notion of conservation (category ii Every 
only a reproductive image based on acquired nn 
child may have occasion to pour liquid from a wider toan net 
Container! It is also evident that the image of levels is not HX Em 
in itself to give rise to operations of compensation, vi by the 
the source of the notion of conservation. This is show 


; identical 
fact that subjects in this category (b) think that two 1 
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quantities of liquid poured into two different glasses A and B will 
give the same levels (question 3) as if quantity was measured by 


level alone! 
The conclusions to be drawn from this type of experiment, as 


from the previous type (see Section 7, 2) are therefore first that 
operations transcend images, while making use of them; and 
second that, once brought into play, operations direct images and 
even determine them almost entirely in some cases. That is why 
in order to imagine the inequality of levels in glasses A, B, and C, 
given equal quantities of liquid, it is necessary to introduce an 
operational system of compensation;! since the image of the levels 
is here a function not of a transfer to be anticipated but of an 
equality to be achieved between two distinct quantities of liquid. 
In a general way, in fact, no image of compensation can acquire 
any true degree of approximation without relying on a system of 


operations, deductive or metrical. 


8 Spatial images and ‘geometrical intuition’ 


It is true in a general way that images constitute symbols which 
are relatively adequate when they represent static configurations 
but which become less and less adequate when they attempt to 
represent increasingly complex operational _transformations. 
Nevertheless, there exists a whole category of images that have 
remarkable relative adequacy, even concerning transformations. 
We refer to spatial images, the source of what mathematicians 
call geometrical intuition. The psychological problem raised by 
these images consists in establishing whether their particular 
adequacy is due to an autonomous development of imagery 
itself, or whether it results from the progressive intervention of 
operations, indeed of specifically spatial operations. If it is to be 
attributed to these operations, there is no doubt that their specific 
character would account for the fact that they can be represented 


by adequate images. 


1 The relations between question 3 and the final conservation are: 42% 
succeeding in both, 54% failing in both and 4% succeeding in conservation but 


failing question 3. 
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l Distinctive character of spatial images 


The particular position of spatial images is due to the relations 
between their form and content, and it is necessary to specify this 
point in order to understand the experiments that will follow. 
The ‘form’ of an image is spatio-temporal in character, since 
images are an internalized imitation of objects and events as they 
appear in space (visual images, etc.) and in time (auditory in 
When images have as their ‘content’ (that is to say tend to aa 
to) logical or arithmetical operations, these operations usua ‘À 
Possess spatio-temporal points of reference. This makes f 
possible to have an image of their results (except in the case ‘ea 
purely formal operations, not applied to concrete objects). On t 
other hand, these logico-arithmetical operations remain acts 
transformation, which cannot be represented by images ts 
they have nothing to do with spatial configurations. It is poss! 
to imagine a sequence of numbers as a row of little strokes, me 
or to imagine classifying operations by means of circles qe 
Circles) or of compartments that can be inserted or taken vw 
These images, however, provide only very approximate iod 
bolism (except where there is isomorphism between certan 
algebraic and topological structures). What they do, m fact, e 
merely to translate non-spatio-temporal transformations e 
imaged, and therefore spatialized, forms. In the case of spat! - 
images, on the other hand, the contents to be represented "e 
spatial like the imaged forms which represent them and pane 
operations (displacements, projections, etc.) are again S 
transformations and so, in a sense, figures in space. There is t nt 
more or less complete homogeneity between form and erp 
and this is enough to account for the privileged character 
spatial images. = 
From this particular homogeneity, there follow two we 
mental consequences. The first is that spatial images are the p») 
images in which the symbolizing form tends to complete ee 
morphism with the symbolized content. The image of a -— À 
or a class is not a number or a class but an image of numbere tel 
classified objects, while the image of a square Mi LER pe 
Square and the image of a straight line, while having wit d 
be considered as à sheath of parallel straight lines. These 


. e 
consequence is that the field of spatial images is the day on 
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where images of transformations are situated on the same plane 
as static images and anticipatory images on the same plane as 
reproductive images. Given sufficient practice, geometrical 
intuition can thus enable one to 'see in space' the transformations 
themselves, even at times the most complex and the furthest 
removed from common physical experience. This is because 
the image rests on a spatialized imitation of operations which are 


themselves spatial. 


2 Images of development! 


It is of vital interest to the theory of images to establish whether 
images of transformation, and in particular anticipatory images, 
derive simply from internal progress and the progressive flexi- 
bility of reproductive images or whether the development of 
geometrical ‘intuition’ depends necessarily on that of operations. 
To solve this question, one might be tempted to keep to the 
experiments described in Sections 4 to 6, since most of these 
already refer to spatial images. It is more interesting, however, 
to study areas which correspond, on the one hand, to familiar 
observations concerning particular aspects of the child's spon- 
taneous graphic images (evolution of drawing) and, on the other, 
to the possible intervention of certain well defined geometrical 
operations, the development of which is already known to us. 
Among the many examples available, we shall mention only one, 
Which is particularly striking: that of so called ‘rotations’ in 
children's drawings, so well described by Luquet, which we shall 
consider in conjunction with truly geometrical operations of 
development. The question lies in establishing whether or not 
imagery occurring in the former can lead to anticipatory images 
giving an adequate visual representation of the transformations 
involved in the corresponding operations. 

We do in fact know that children's drawings are commonly 
Characterized by a phenomenon which we shall call ‘pseudo- 
rotation’ and which Luquet aptly described as a ‘mixture of 
Viewpoints’. In one of the examples which he quotes, a horse is 
drawn in profile pulling a cart which is not represented in the 


1 Translator’s Note: ‘Development’ is used here in a technical sense: ‘Geom. 
The action of unrolling a cylindrical or conical surface, the unbending of any 
curved surface into a plane, or of any non plane curve into a plane curve.’ (O.E.D.) 
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Same perspective but shown in plan view from above. € 
the wheels, they are all four on the same horizontal plane i^ ix 
Supposes a rotation of go? in relation to the floor of the car eta 
fact, therefore, three distinct viewpoints are mixed and ve Was 
posed. One can wonder whether subjects who are capable o h mà 
dissociating viewpoints, will succeed in anticipating by pud 
the result of the unfolding of cardboard cubes, cylinders RECO E 
of which all the elements are developed on a single ee, 
plane. The analysis of reactions, by age groups, gives two 3 true 
Contrary to this hypothesis: 4) imagining the result o eudo- 
developments goes far beyond the level of Spontaneous; ps d not 
rotations, since it Supposes a co-ordination of MARO M ses 
simply a random mixture), hence an operational factor bas elop- 
the action of unfolding itself; 5) correct images of these NE 
ments result from an internal imitation of the actions of unfo ions 
and of their results and are not a mere extension si ugar den 
or of the spontaneous pseudo-rotations occurring in ara tions 
The latter merely express the diversity of possible owes the 
(each imitated Separately as a reproductive image), bu 


: AFETA S i -ordin- 
Capacity for anticipation resulting from operational co 
ations is lacking. 


E x ardiz- 
Three stages have been observed (bearing in mind that i (until 
ation of the test is not yet complete). During the first stag seudo- 
about the age of 6, that is, at the ages corresponding to ae any 
rotations in drawing) children are not yet capable of imagi n dia. 
true development, "They draw the whole object without tran 
tion. imagine 
During the second stage, fruitless efforts are made à symbolic 
development and the drawings express these attempts in wn with a 
form. The side of a tube to be rotated is, for instance, eet ut in to 
line indicating the direction of the rotation; or again, viis D etc. 
Symbolize the beginning of the action required to png velopment is 
During the third Stage (from the age of 7 or 8) de ording to an 
at last imagined and drawn, but in progressive stages E cones, then 
order of hierarchy among objects; first cylinders an! 


x sides-—and finally 
cubes—a little more difficult because of their six sides—an 
pyramids, 


if they were 
1 Two of the wheels are shown below the floor of the Ad ene 
situated in the same perspective as the horse, but the other Bae wheels, without 
which therefore shows a general rotation of 90° for the fo 
relation to the Position of the horse, 
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In short, this example like all the others so far observed seems 
to show that although geometrical intuition really is the preferred 
sphere of mobile and anticipatory images, there is no question of 
a capacity present at all ages nor of a product purely of mental 
imagery. Such ‘intuition’ is in fact essentially operational and 
images play their essential part only when guided and informed 


by operations. 


9 Conclusion 


At the close of this survey of the problems relating to mental 
images, we should like to recall briefly the questions set out in 
Section 1, 3 to find out how far the facts we have reported assist 
in providing a solution and above all how much remains to be 
done before proceeding to verifications that are properly demon- 
Strative. 

1) Concerning the role of motor activity in the production of 
images, psychophysiological data already offer a partial demon- 
stration, but we have as yet no reliable data concerning centres 
and pathways. Apart from this, we do not as yet understand the 
link between the motor aspect of images and their quasi-sensory 
aspect: is it a matter of partial sensory reafferent impulses, of a 
simple symbolic evocation or of a special mechanism ensuring 
Penfield's flash-back? 

2) Concerning the stage of development at which images 
appear, what we have said owes a lot to conjecture. Psychoanalysts 
date back imaged symbols to well before the level of the second 
year, which is where we ourselves situated it (with symbolic 
play and deferred imitation). The discussions which one of us 
(Piaget) had on this subject at the Menninger Foundation at 
"Topeka (U.S.A.) led to the conclusion that the most appropriate 
Verification at this stage would be to apply to infants at various 
levels of development the techniques used by Dement and Wol- 
pert to record eye movements during sleep. There is no doubt, 
indeed, that dreams begin before the age of 12 to 16 months. But 
are they motor dreams (as is probably the case in dogs, who bark 
While they are asleep) or symbolic dreams? Dr. Riley Gardner 
has undertaken to pursue research in this direction at Topeka. 
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3) Concerning the supposed relationship between images and 
material imitation which is subsequently internalized, a choice 
field which would perhaps admit of decisive verifications would 
be that of the development of the body schema. It seems very 
probable that its genesis is closely linked to the development 
of imitation and that it is also accompanied by the formation of 
images. The extraordinary thing is that we do not yet have 
detailed scales concerning the evolution of the body schema and 
reference should therefore be made to the experiment by J. 
Bergés and I. Lézine on the imitation of gestures from the ages 
of 3 to 6 (1963). 

4) Concerning the relations between images and drawing, we 
once made a qualitative study of stereognosis (or haptic percep- 
tion) from this standpoint to determine to what extent and how 
directly drawings produced by the child as visual correspondents 
of objects which he touches without seeing express his move- 
ments of exploration. Detailed standardization has yet to follow. 
In a general way, it would be instructive to extend further the 
analysis of relations between drawing, copying by gesture and 
mental images (as revealed, for example, by choices among pre- 
pared drawings). 

5-6) Concerning the classification and evolution of images, 
our results seem to indicate that there is a fairly systematic 
difficulty in passing from reproductive to anticipatory images and 
that, in the course of this transition, it is necessary to introduce 
operational factors foreign to images. But these results refer only 
to averages irrespective of all typological considerations. The fact 
is that the diversity of imagery in adults has always been recog- 
nized. Some people are particularly visual, others mainly motor, 
auditory, etc. It would be very interesting to study the question 
from a genetic angle and where one finds early typological divers- 
ity, to select a few particularly visual or particularly non-visual 
subjects in order to re-examine with both types problems relating 
both to the transition from reproductive images to anticipatory 
images and to the relations between images and operations. 

7-8) With reference to the relations between images and 
thought, it is probable that the last word has yet to be said, for 
if one accepts the proposed distinction between the operative and 
the figurative aspects—and we shall need many more facts before 
we can decide whether such a distinction is fundamental or arti- 
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ficial—it follows that images are at once necessary to represent 
states but insufficient to understand transformations, and this 
somewhat modifies the terms of a classical problem. It is probable 
that more detailed analysis of geometrical intuition in pure 
geometry and in the geometrical representation of phenomena 
will supply the key to these questions. Although we can nowadays 
study the beginnings of geometrical intuition, we are strangely at 
a loss regarding all that concerns both its functioning and the 
respective parts played by images and operations in the thought 
processes of scientists who make a daily and creative use of this 
‘intuition’. One of us (Piaget) was the pupil of a great tectonician 
who had founded ‘alpine embryology’ and who was gifted with 
extraordinary vision in space, as shown for instance by his work 
on the overthrust of folds: ‘I can see them moving,’ he would say, 
looking at a chain of mountains of which he had made a particular 
study. What lessons could not be drawn from a close analysis of 
the play of images in the thought of such men? Yet no research 


of this kind is known to have been undertaken. 
9) One day a connection will be established between genetic 


studies of the integration of functions and the psychopathological 
study of their disintegration. Had this already been done, it 
would probably have been impossible to write a chapter on images 
without recourse to the theories concerning hallucination. The 
fact that it has not been so clearly shows the extent of the field 
which remains to be explored before we can master In their most 
general forms the laws of images in their relations to the laws of 


thought. 
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Intellectual Operations and their Development 
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Compared with the other fields of mental life, the field of 
intellectual operations has given rise to a relatively limited num- 
ber of experimental studies. And yet, in so far as all behaviour 
simultaneously comprises cognitive and affective aspects, one 
would think that the operations which alone make it possible 
to distinguish the true from the false would have attracted the 
attention of researchers at every phase of scientific psychology. 
The fact that this has not been the case is probably due to two 
reasons. There is also a third reason which is fundamental. 

The first reason is that everyone (including, sometimes, 
psychologists), believes that he has adequate insight into his own 
intellectual operations. As introspection is linked to verbal habits 
and to socially acquired notions, it has naturally encouraged the 
belief that the descriptions of thought mechanisms given by 
philosophers and by classical logic are adequate (the analyses of 
modern logic have failed to attract attention partly because of 
their technical character). Thus, the tests proposed by Toulouse 
and Piéron in 1911 contained as yet no other means of measuring 
intellectual operations than a set of syllogisms. The premises 
were given and the subjects had to deduce the conclusion. 

The second reason is that in so far as experimental psycho- 
logists have attempted to give a fresh interpretation of intellectual 
operations, they have begun by giving in to 'reductive' tenden- 
cies, hence the effort made by associationism to reduce these 
operations to a mere play of associations between images, etc. 
Finally there was a reaction against reductionism, strongly evident 
in the Würzburg school but resulting in a return to logicism. 

The main reason that experimental work on intellectual 
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operations has not flourished must be sought elsewhere. These 
operations are linked in normal adults to complex structures 
which escape introspection and which in the analysis of behaviour 
(in problem solving techniques, etc.) either still pass unnoticed 
or else give rise merely to descriptions. The only really fruitful 
method consists in studying their genesis and this implies differ- 
ent techniques. That is why experimental psychology has taken 
so long to approach the central problem in this field: that of the 
progressive construction of operational structures in the course 
of development from birth to maturity. 

It is therefore fitting to begin this chapter with a brief histori- 
cal survey indicating the main methods that have been adopted 
and showing why recourse to the genetic dimension is necessary. 
Following this, it will be sufficient to describe some typical 
experiments, taking each level of mental development in turn so 
as to show how the main operational structures become organ- 
ized. Finally a retrospective study will assist us in adopting a 
position on several general problems. It would be unwise to 
discuss and even to state these before examining the facts, for in a 
field so fraught with philosophical reminiscences, it is essential 
that the psychologist should learn to avoid every a priori inter- 
pretation. He should pose problems only in so far as he is led to 
do so in following the development of genetic processes. 

Caution is very necessary as misunderstandings can arise from 
the language that onc is led to use. When describing the results of 
a particular experiment, concerning perception or factor analysis, 
etc., the mathematical language used is unlikely to lead to con- 
fusion, since it is relatively easy to dissociate the mathematical 
form of the expressions from their psychological content (al- 
though the famous discussions between C. Spearman and G. 
Thomson on the role of such and such a ‘factor’ already showed 
that not everyone views the dissociation in the same way). When 
it comes, however, to describing the structure of particular 
intellectual operations from the qualitative angle independently 
of their measurable (or metrical) performance, one has no option 
but to use, as a language, the general theory of structures which 
in mathematics goes by the name of general algebra and which 
includes the algebra of modern logic. In a case of this kind, one 
must naturally remain on one's guard to avoid a confusion be- 
tween the psychological content (which in a sense constitutes a 
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logic, since it concerns the intellectual operations of the subject, 
hence his logic) and the form used to describe it (which is also a 
logic, but of the kind formulated by algebraists). It would be un- 
reasonable at this point to accuse the psychologist of dealing 
with logic and not with psychology. He is simply using a precise 
language, as he may be led to do in statistics, and no one would 
ever think of saying that calculating a correlation is mathematics 
and not psychology. The discussion between Spearman and 
Thomson shows that with more advanced probabilistic analyses, 
things are not always straightforward. Similarly, the description 
of operational structures in terms of qualitative algebra requires 
constant care in order to avoid interference between the intel- 
lectual operations of the observed subject (e.g. the child at such 
and such a level), those of the psychologist who is observing him 
and above all those which are involved in the language used by 
the psychologist, when it is that of logical or algebraic structures 
generally. 


1 Historico-critical survey 


The proof that this is not an imaginary danger is that on com- 
paring the various experimental studies on the psychology of 
thought, it becomes apparent that for want of genetic perspective 
they either simply ignore the existence of operational structures 
or merely employ those used in classical logic. It is only by 
systematic genetic study that it has been possible to reveal the 
existence of structures that had not been noticed until then, some 
presenting a certain amount of psychological interest but little 
logical interest! (cf. the ‘grouping’ structure: Section 3), others 
both a logical and a psychological interest (cf. the ‘INRC group’: 
Section 5). 

It is striking to note that even studies which have not arrived at 
the notion of operational structures offer glimpses, under various 
names, of the reality of ‘operations’. This is very significant since 
one could wonder whether the concept of ‘operation’ is an authen- 
tic psychological reality or merely a term borrowed from logi- 


1 Because they are not general enough. 
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cians.! The only studies which have long remained totally foreign 
to the idea of operation are those inspired by classical or con- 
temporary associationism. But, as we shall see, the very history 
of these studies, taking into account their recent transformations 
and especially the ‘conversions’ which they have brought about, 
points to certain notions which are definitely operational in 
character. 


1 From associationism to ‘strategies’ 


Thus, Binet, after having admitted in The Psychology of Reason- 
ing (as we recalled in Chapter 23 in connection with images) that 
inferences are due to simple associations between images later 
stressed in his Etude expérimentale de l'intelligence the specific 
character of affirmations and negations, of judgments expressing 
relations, etc.—in short of what we shall term ‘operations’ as 
against imaged representations. In so doing, he resolutely left 
behind him his original associationism. 

Similarly, modern associationism has led, particularly in the 
case of Hull and those who followed him, to an interpretation of 
the acquisition of notions (number, etc.) which is based on the 
stimulus-response schema, on generalizations of stimuli or of 
responses, on external reinforcements and on the hypothesis of 
habit-family hierarchies. One of Hull’s successors, D. Berlyne, 
recognized as a result of personal experience the cogency of our 
distinction between representation of states or configurations and 
Operations referring specifically to transformations. He added 
to Hull’s conception by introducing a new duality: he dis- 
tinguished between copy-responses, relating to states and trans- 
formation-responses which modify the former and thus corre- 
Spond to our ‘operations’ (Berlyne, 1960). 

Above all, within the context of ‘behaviour theory’ on which 
are based the many American conceptions of learning, a particular 
technique for analysing intellectual mechanisms has developed. 
It is known as the problem-solving method. It consists in setting 
the subject a problem that is new to him and which may be of any 


i x Let us note here that apart from certain exceptions (Curry’s combinatorial 

fers and Lorenzen’s operational logic), logicians avoid the notion and even the 

BORO of operation’ and speak of ‘functors’, etc. Couturat used to accuse the 

bein n of operation of being 'manifestly anthropomorphic', in other words of 
B psychological! 
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level (ranging from sensori-motor intelligence to the higher 
thought processes). His behaviour sequence up to the discovery 
and consolidation of the solution is then analysed. Although most 
interpretations of this kind of data have begun by being linked to 
associationism and thus foreign to the idea of operation, the most 
remarkable achievement arising from the use of this method is a 
definitely anti-associationist work: A Study of Thinking (1956) 
by J. Bruner, J. J. Goodnow and G. A. Austin, which opens up 
new perspectives. According to these authors, the successive 
steps taken by a subject as he grapples with problems are not 
‘associations’ simply determined by previous experience. They 
are ‘decisions’ made by the subject as he comes to grips with, or 
matches himself against, objects or events. The appropriate 
language in this case is that of ‘strategies’ used in game theory and 
one sees at once the kinship between these decisions or strategies 
and what we call operations (as J. Bruner himself indicates). 


2 Claparéde's ‘implication 


Although research arising out of associationism (as a continu- 
ation or as a reaction against it, but using the methods arising 
from it) has not led to an analysis of operational structures, it has 
nonetheless arrived on several occasions at notions close to that of 
operation. This is also true of an allied standpoint which however 
lays more stress on the subject's activities. It tends to reduce acts 
of intelligence to a succession of groping attempts which may be 
actual physical attempts, in the form of trial and error with 
selection arising from the pressure of facts, or internalized 
attempts in the form of ‘hypotheses’, controlled by acquired 
consciousness of relations. This interpretation, inspired by the 
work of Jennings and Thorndike, was adopted by Claparéde. He 
proceeded to devise an ingenious method for analysing acts of 
intelligence. This method, known as ‘spoken reflection’, consists 
in observing the successive steps taken by subjects who have 
previously been trained to think aloud while solving everyday 
problems (such as finding the caption of a cartoon or the end of a 
story). 

In his fine study La genése de l'hypothèse, in which he recorded 
the results obtained by this method, Claparéde went beyond his 
original views on groping and arrived at a fundamental conclu- 
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sion. Groping, he tells us, is never purely random, but is to some 
extent directed from the beginning by certain connections. 
Furthermore, it is not the most elementary form of behaviour but 
appears only when a number of primitive connections have been 
invalidated. What are these connections which precede groping 
or impose a direction upon it? They are not associations, accord- 
ing to Claparéde, but connections asserting themselves with a 
sort of internal necessity. These he calls 'implications'. That is 
how 'cat' implies *miaowing' even to a baby, once he has simul- 
taneously seen and heard a cat. At the level of acts of thought, 
every act of comprehension relies on such implications and, in 
the case of actual research, all groping is directed or framed by 
implications. 

Although Claparéde did not yet regard implication as the 
product of operational or pre-operational activities (since he 
believed that it was due to a kind of elementary syncretism), 
it is nevertheless easy to show that this interpretation necessarily 
follows. As one of us! remarked after the publication of Clapar- 
éde’s studies, it is not at the first perceptual contact that ‘cat’ 
implies ‘miaowing’. The cat miaows and this is no more than a 
fact. But from the second contact, when the baby recognizes a cat, 
he can infer that it will miaow. Implication is thus subordinated 
to an act of assimilation. Assimilation means construction of 
schemata (implication in the broad sense is in fact the expression 
of these schemata) and it is this schematization which probably 
constitutes the point of departure of operational activities and of 
their structurizations (cf. 6, 4). 


3 Spearman’s ‘noegenesis’ 


From a totally different standpoint, the studies carried out by 
C. Spearman culminated, even more clearly, in the recognition 
of operations, but without involving as yet the recognition of 
integrated operational structures. It is well known that Spear- 
man's work on intelligence evolved on two planes: a probabilistic 
analysis of ‘factors’ on the one hand, and a qualitative analysis 
of ‘noegenesis’ on the other. The factor analysis of intelligence 
led to nothing further than a distinction, to which the great 
English psychologist attached great importance, between general 
! Piaget, 1936, pp. 404-412 (English edition, 1953). 
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intelligence and particular factors. He did not reconstitute the 
actual genesis of general intelligence by directly studying mental 
development but was content to retrace an ideal genesis as it 
were. This is nevertheless of undoubted interest because, despite 
his empiricism, Spearman in part revealed the operational nature 
of acts of intelligence. He believed that intelligence develops in 
three stages: the ‘apprehension of experience’, the ‘eduction’ of 
relations and the ‘eduction’ of ‘correlates’. As all knowledge is 
supposed to be drawn from experience and from experience 
alone, there is as yet no question of ‘structuring’ experience, but 
only of ‘apprehending’ it. Similarly, relations are not constructed 
but simply ‘educed’, that is drawn from an experience that con- 
tains them in advance. As for ‘correlates’, that is, relations between 
relations, (e.g. feathers are to birds what hair is to mammals), 
Spearman considers that they are also drawn from reality by 
‘eduction’, but this is incorrect since it goes without saying that 
in reaching this degree of complexity, eduction assumes the form 
of a genuine operation. It amounts in fact to a multiplicative 
co-ordination of relations, corresponding to a matrix or table of 
double entry. 

Spearman, however, did not become altogether conscious of 
the operational character of his ‘eductions’. He omitted to ask 
himself whether those he had observed did not necessarily 
require to be completed by others and especially whether col- 
lectively these possible operations did not obey the general laws 
governing structures. It is nonetheless highly significant that the 
inventor of factor analysis should have come so close to an oper- 
ational conception of intelligence. Indeed it was probably only 
his empiricist underestimation of the part played by the subject’s 
activities that prevented Spearman from formally elaborating 
this conception. 


4 ‘Gestalt’ structures 


With the Gestalt psychologists came the discovery of integrated 
structures. With Wertheimer in particular, they begin to take on 
an explicitly operational character. The Gestaltists, it is true, 
were willing to recognize only one type of structure (the Gestalt 
in the particular sense ascribed to the term). In spite of this, 
their discovery was far-reaching in that, for the first time, logical 
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Structures made an appearance in psychology not because they 
had been postulated in advance but as a result of a general inter- 
pretation based on experimentation. 

It is well known that the theory of Form has renewed our 
knowledge of perception. It began as a field hypothesis and went 
on to refute atomic associationism. W. Köhler, Meili, Duncker 
and Metzger viewed problem solving as a restructuring of per- 
Ceptual data, passing from a less good to a better form and obey- 
ing the same laws as the Gestalt, that is laws of totality according 
to which the whole is distinct from the sum of its parts and appears 
as an organization with properties of its own by virtue of being 
à totality. The decisive moment in the assimilation of the struc- 
tures of intelligence to Gestalt laws came when Wertheimer began 
to study higher acts of intelligence: the solving of mathematical 
Problems or of deductive problems in general. According to 
Wertheimer, deductions like these are simply restructurizations 
Such as Koehler had already claimed to have found in the sphere 
of practical intelligence. In a syllogism of the type ‘All B's are 
C's, A isa B, therefore A is a C’, the act of thought consists only 
in fusing into a new whole AC the partial wholes AB and BC, by 
‘recentering’ A in C after dissociating it from its one original 
link B. In his posthumous work (1945), when Wertheimer wanted 
to describe the successive acts of this process of restructuring, he 
used the term ‘operation’ which we ourselves had used to describe 
the construction by the child of his first concrete logical structures 
(1941, A and B). Thus he also regards these operations as bound 
Up with integrated structures. 

A difficulty remains concerning the nature of these. The 
notion of Gestalt brings together into a single concept: 1) the 
idea of a whole whose properties are those of a total system and 
are thus distinct from those of the parts, and 2) the idea of a whole 
differing from the sum of its parts (non-additive composition). 
Ogico-mathematical structures possess the first of these charac- 
ristics in that their properties are those of integrated systems. 
hey do not possess the second, however, since they are rigor- 
ously additive. The series of whole numbers, for instance, is an 
admirable integrated system which has laws qua system (laws of 
Broups', of ‘sets’, of ‘rings’, of ‘lattices’, etc.) and yet 2+2 are 
TBorously 4 and not a little more or a little less as in probabilistic 
9r perceptua] compositions. Logico-mathematical structures are 
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thus not Gestalten, as these are of a non-additive and therefore 
irreversible nature. To define operations, it is necessary to go 
beyond the category of Gestalten and to conceive the existence of 
other psychological integrated structures, which are reversible. 


5 ‘Thought psychology’ 


A solution that is simpler than the Gestalttheorie, while also 
in reaction against associationism, was outlined as early as the 
beginning of the century and could be drawn upon to overcome 
the above difficulty; it is that of the German Denkpsychologie. 
Having discovered at the same time as Binet the existence of 
imageless thought, the Würzburg school then tried to character- 
ize it. They used a method of induced introspection (for instance 
subjects were asked to produce supraordinate associations, such 
as bird — animal or plum-tree — tree and to describe the 
accompanying states of consciousness). From the very beginning, 
Marbe, failing to find states of consciousness corresponding bi- 
univocally to the act of judgment, introduced a logical factor 
claiming that it was at once causal and ‘non-psychological’ as if a 
logical structure could play a part in the mental context and could 
modify it without resulting from it! Those who followed him, 
Messer, Watt and especially Bühler, renounced this position with 
its dangerous methodology, but turned towards a kind of logico- 
psychological parallelism. According to this, there exists a 
correspondence between certain well-defined states (that have 
indeed been very subtly described, as for instance K. Bühler's 
Regelbewusstsein or ‘consciousness of rules’) and given logical 
structures. Finally, the main heir to this tradition, O. Selz (whose 
work breaks away from induced introspection and secks instead 
to analyse, in behaviour itself, the process of ‘reproductive’ and 
of ‘productive’ thought) regarded thought with all its intercon- 
nections as a ‘mirror of logic’. 

But this point of view, which seems at first sight to avoid all 
conflicts by adopting a cautious principle of parallelism in fact 
fails to resolve anything, for two reasons. The first is that there 
is nothing to prove the existence of isomorphism between the 
subject’s logic, with which the psychologist is concerned, and 
that of the logician, which goes far beyond it. Even if there is 
partial isomorphism, nothing proves that the function of thought 
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is to reflect a logic that has appeared out of the blue. It is much 
more likely that logic is in fact an axiomatization of the forms of 
equilibrium that characterize thought, an autonomous axiomatiz- 
ation, it goes without saying, but one which, like all axiomatiz- 
ations, serves to formalize preliminary data. Thereafter, the data 
are of no further concern in logic but fall within the province of 
the Corresponding concrete science (in this instance, the psych- 
ology of thought). Secondly, if Denkpsychologie was content with 
4 somewhat facile parallelism between logical structures and 
acts of thought, this was because it confined itself to the analysis 
of adult thought. In considering the child and his development, 
the real problem is to discover how structures are constructed and 
not how they appear when completely formed. More exactly, 
knowledge of the final states can only arise out of knowledge of 
how they come to be constructed. 


6 Method to be followed 


The lesson that we learn from these two observations is that 
for our methods to be sound, we must not refer to any pre- 
existing logical structure (although we may use the instruments 
of the logician to describe with precision what we observe, but 
that is another question, affecting the language adopted and not 
the facts themselves). We must first try to find out whether spon- 
taneous intellectual operations exist or whether such operations 
are only learnt socially, or again whether the term ‘operation’ 
1s of interest only to logicians and embraces a psychological 
Complexity too great to serve as a natural psychological unit. We 
must then establish whether operations develop in isolation 
(along similar lines to Spearman’s ‘eductions’) or whether they 
are always bound up with integrated structures. Finally it is most 
important that we should determine whether these operations 
and their integrated structures are present at all levels of develop- 
ment or, if not, when and how they are constituted, which 
amounts to asking of what they consist. 
In order to solve these problems we must use material studied 
Y American psychologists under the heads of problem solving and 
Concept formation, A combination of data from both areas is 
Necessary since 4 problem that is really new to the subject 
“mands an elaboration of concepts. These studies need to be 
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supplemented by a systematic study of concept formation from 
birth to adolescence. Only then do we discover the essentials 
and find that the laws of progressive structurization reveal the 
simultaneous formation of operations and of their integrated 
structures. 

Our genetic studies, of which we shall give a few examples, 
have been going on for forty years. The main finding has proved 
different from what our knowledge of the psychology of adult 
thought and of logistic axiomatization would have led us to expect. 
It is that, underlying language and at a level far below conscious 
reflection, there exists a logic of co-ordinations of actions, if one 
rates as logical the relations of order, inclusion etc., which regu- 
late actions as they are later to regulate thought. The notion of 
operation is thus psychologically natural. This is so not only if 
one calls by that name internalized actions (uniting, dissociating, 
ordering, etc.) which can be performed in both directions 
(reversibility)! but also if one characterizes internalized actions 
by their most specific genetic property which is that they are 
abstracted from the most general co-ordinations of actions. 
Operations are thus only a higher form of regulations, and that 
is enough to guarantee their psychological authenticity, despite 
their convergence with what are known as operations in mathe- 
matics and logic. Logico-mathematical activities are thus to be 
conceived psychologically as an inexhaustibly fruitful prolonga- 
tion of the co-ordination of actions. The second fundamental 
characteristic of operations, which follows directly from the 
first, is that they are always structured in integrated systems. 
Here again, genetic analysis has produced unexpected results 
in that r) the large structures described in general algebra 
(groups and lattices, with their derivatives) are led up to, from 
the time of concrete operations (which provide a bridge between 
co-ordinations of actions and formalizations of thought), by 
much more elementary structures. These, however, are already 
mixed in character and we shall call them 'groupings' (see Section 
3), 2) the transition from these concrete structures to abstract 
structures is made possible by a group of four transformations. 
There are many manifestations of these at the pre-adolescent and 
adolescent levels (see Section 5) yet the part they play in adult 

1 For example, the action of uniting (addition) can be inversed into an action 
of dissociating (subtraction), etc. 


154 


Intellectual Operations and their Development 


thought had escaped logicians. We ourselves owe the discovery 
of the existence of this group of transformations entirely to our 
genetic studies. 


2 Notions of conservation 


l Introduction 


Let us assume for a moment that there is a researcher who doubts 
the existence of operations as experimental facts and considers 
that they belong to a type of interpretation which goes beyond 
Psychology. He will ask that they should be shown to him as 
observable processes, spontaneous activities, modes of function- 
ing that ‘really’ play a part when the subject is presented with a 
stimulus and makes a response. 

We have just assumed, however, that operations are a higher 
form of regulations of action. This amounts to saying that the 
reversibility characterizing operational structures is in fact the 
culmination of the approximate compensations appearing in 
regulations. A regulation cannot be observed directly, but its 
effects are recorded objectively in ‘responses’ to given stimuli. 
In the field of sensori-motor or perceptual regulations, there is 
a Particularly famous example which several Gestaltists (Katz, 
etc.) have compared to a form of homeostasis: it is the constancy 
of Magnitude, form, colour, etc. In such cases, it is true that one 
cannot follow regulations in detail but one can see when they 
ccur (for instance with the colours of figures), and when they do 
not (for instance with background colours: experiment by 
Kardos), One can also assess their degree of effectiveness. Can it 

€ said that all this is only a measure of performances and not an 
analysis of functioning? One can pass from the consideration of 
Performance to that of functioning by analysing the factors, by 
measuring for example (at various levels of development) the 
estimation of apparent magnitudes, of distances and of real 
Magnitudes. All this will give a preliminary approximate idea of 
the functioning of constancy of magnitude (see Chapter 18, 

ection 4). 

The example of perceptual constancies is a remarkable pre- 
figuration, at the level of elementary regulations, of the manner in 
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which operations appear at the level of thought. There is one 
difference in that when regulations have become operational they 
reveal themselves not only by their performances—judgments of 
conservation corresponding to evaluations of constancy-—but also 
in their actual functioning, since the subject is able to justify in 
part the reasons for his affirmations and thus to describe the 
process of reversibility. 

The best criterion of the emergence of operations at the level 
of concrete structures (towards the age of seven) is, in fact, the 
constitution of invariants or notions of conservation. Observation 
shows, as we shall see from several examples, that a child who can 
internalize an action or imagine its result is not necessarily able 
to visualize ipso facto the possibility of performing the same 
action in reverse and thus cancelling the result. In other words, an 
action does not at once transform itself into a reversible operation. 
There are a number of intermediates such as imagining reversal, 
but on request or as a new action distinct from the first and not 
implied by it (this we shall call ‘empirical reversal’). It is there- 
fore not easy to recognize in the subject the beginnings of reversi- 
bility as such, except by its results. Yet, one has only to listen to 
what the subject says once he has mastered the notion of reversi- 
bility, to obtain an expression of reversibility and consequently 
of operations (internalized actions that have become reversible) 
which is remarkably simple and exact. Moreover, it coincides 
with the best of logical definitions: an operation is that which 
transforms a state A into a state D leaving at least one property 
invariant throughout the transformation and allowing the 
possibility of return from B to A thereby cancelling the trans- 
formation. It so happens—and this time diagnosis is easy—that 
at pre-operational levels the transformation is conceived as modi- 
fying all the data at once, without any conservation. This of 
course makes it impossible to return to the point of departure 
without a new action transforming the whole once more (re- 
creating what has been destroyed, etc.) and consequently differing 
from the first instead of remaining the same action but inversed. 
That is why we feel that tests dealing with conservation give the 
best indication of the natural, and not merely the logical, reality 
of operations. We shall therefore begin with these. 
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2 The ball of clay 


Let us now examine the first of the forms of non-conservation 
followed by conservation which we observed. The results have 
been re-examined and controlled by various authors (Vinh-Bang, 
1959; Lovell and Ogilvie, 1960 and 1961; Elkind, 1961; Lauren- 
deau and Pinard, in preparation). 

The subject is shown a ball of clay and asked to make another 
ball of the same size and weight. One ball, A, is left on the table as 
evidence and the other is transformed into a sausage, a pancake, a 
number of pieces, etc. The subject is asked first whether there is 
Still the same amount of substance in B as in A and why. The 
Procedure is the same whether the child answers ‘yes’ or ‘no’. 
In either case, his answer and the reason that he gives (for 
instance, in the case of the sausage: ‘There is more stuff because 
it is longer’) serve to prompt further modifications of the object 
(in this case, making the sausage longer or shorter). This is done 
to see whether he will continue to reason in the same way or will 
change his opinion. The stage that the child has reached is 
noted (no conservation of substance, ungeneralized and uncertain 
Conservation, or necessary conservation) and also the kind of 
arguments he uses (see below). One then passes to the conserva- 
tion of weight, but if possible not immediately afterwards, so as 
to avoid verbal perseverations. Questions are asked about the 
Same transformations as in the case of substance (sausage, etc.), 
but the child is asked whether or not the weight remains the 
Same. To make the questions more concrete, he is given a balance 
With two scales and the ball is put on the first scale. He is asked 
to anticipate what will happen when the other (modified) object 
1s placed on the second scale. Finally, the same questions are 
asked about the conservation of volume, but it is not sufficient 
to use the terms ‘large’, ‘big’, etc., as these remain ambiguous in 
relation to the amount of substance (it took us a long time to 
Tealize that, to the child, substance is not equivalent to volume.) 
The ball of clay A is therefore immersed in a narrow? cylindrical 
Jar three quarters full, The child is asked whether the sausage, 

: Piaget, 1937; Piaget and Inhelder, 1941, Chapters I-III. . . 

Th aa is used so that the change of level may be suffiniently. perceptible. 
on, to dissociate the action of volume from that of weight (often 


bury adduced by the child), the ball of plasticine A is replaced by a metal 
all Of the same volume but of greater weight. 
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etc. B will take up ‘as much room in the water and will make the 
water rise’ to the same level in another container identical with 
the first. 


3 Qualitative and quantitative results 


Three kinds of results were obtained. In the first place, three 
successive stages can be observed in the case of each of the 
notions studied. At first there is lack of conservation when the 
object is modified. This is followed by transitional reactions 
(conservation is assumed but without certainty and in the case of 
some transformations only). Finally conservation comes to be 
affirmed and regarded as evident throughout the various trans- 
formations of the ball of clay. 

Secondly, we find that three arguments are advanced by the 
child on reaching the third stage and these are characteristic of an 
operational approach. Longitudinal analysis carried out by one of 
us (Inhelder) in collaboration with G. Noelting on 12 subjects 
who were examined every three months, has shown that these 
three arguments do not correspond to three sub-stages but are 
interdependent and do not always appear in the same order. The 
first is based on simple reversibility: there is in B as much (sub- 
stance, weight or volume) as in A because the ball A can be remade 
from B. The second rests on a more subtle kind of reversibility? 
based on compensation: object B is longer but thinner, etc. 
(composition of two seriations in inverse order: longer x thinner 
= same quantity). The third argument appears less sophisticated 
and is simply based on identity: the quantity (or the weight, etc.) 
does not change ‘because it’s the same stuff’, ‘because it has only 
been rolled’, ‘because it has only been flattened’ or ‘because 
nothing has been taken away or added’. The remarkable charac- 
ter of this identity is that it ranks as an argument of conservation 
only when the other two arguments have been discovered. 
Young children at the pre-operational level also knew that it was 
the ‘same stuff’ and that nothing had been taken away or added, 
but did not conclude from this that there was conservation. It 
therefore seems clear (chronologically and functionally) that the 
arguments are interdependent and that they lead to the construc- 

1 Or reversibility through ‘reciprocity’, as distinct from simple reversibility 
or reversibility through ‘inversion’, 
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tion of an integrated operational structure, of the ‘grouping’ 
type (cf. Section 3) in which conservation constitutes the in- 
variant. 

In the third place, the results obtained at Geneva and at 
Saint-Gall show a time-lag between the child's acquisition of the 
notion of the conservation of substance (towards the age of 8), of 
Weight (age 9-10) and of volume (age 11-12). At least, that is 
what we had observed in the past in the course of clinical analysis 
(Piaget and Inhelder, 1941). One of us (Inhelder, 1943) found 
when studying 159 mental deficients ranging in age from 7 to 
30 that conservation of weight was never present without that of 
Substance, nor conservation of volume without that of weight. 
This did not apply the other way round.! In their standardization 
of operational tests, Vinh-Bang and Inhelder obtained the follow- 
ing Percentage with 25 subjects per age group: 


TABLE I 


Percentage success in tests on the conservation of substance, 
weight and volume* 


Ages 5 6 7 8 9 IO Tr 
Substance 
on-conservation 84 68 64 24 12 - = 
Transitional o 16 4 4 4 a — 
Conservation 16 16 32 72 g > xx 
Weight 
,;.9n-conservation 100 84 36 40 16 16 o 
ransitiona] o 4 o 8 12 8 4 
onservation o 12 24 52 72 76 96 
Volume 
©n-conservation 100 100 88 44 56 24 16 
ransitional o o o 28 12 20 4 
onservationt o o 12 28 32 56 82 


* Each of the 175 subjects underwent the three tests, but on diflerent days so 

as to avoid verbal perseverations. 
Side ut of the numbers given for conservation, 12 per cent of the seven-year- 
tent 12 per cent of the cight-year-olds, 16 per cent of the nine-year-olds, 28 per 
cnt of the ten-year-olds and 26 per cent of the eleven-year-olds foresaw that the 
of placement of water would be the same with the ball that has been pulled out 
ape as with the round ball but attributed this to the conservation of weight. 


1 : * 
Inhelder also showed that the conservation of volume is found only in 
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4 American and English controls 
As a control, here are the results obtained in the United States 
by D. Elkind (1961) with 25 subjects per age group: 

TABLE 2 


Percentage success in tests on the conservation of 
substance, weight and volume 
(according to D. Elkind, U.S.A.) 


Ages 5 6 7 8 9 IO rr 
Substance 19 SI 70 72 86 94. 2 
Weight 21 52 5I 44 73 89 78 
Volume o 4 o 4 4 19 25 


Elkind stresses the fact that 70-75 per cent of the subjects 
show a definite time lag between acquiring the notion of the 
conservation of weight and that of substance. In the case of 
volume, there is still no conservation at the age of eleven with 
most subjects. This last result, according to him, is to be explained 
by a slight difference in technique: he himself asked whether 
the two objects (ball and sausage, etc.) took up the same amount 
of space in the water. When the question is worded (as ours was) 
in terms of displacement of water level, the problem is more 
quickly solved. 

Lovell and Ogilvie (1960 and 1961) obtained the results shown 
in Table 3 concerning substance and weight in four primary 
school classes in Leeds, in which the children's ages ranged from 
7-8 to 10-11. 

It is clear that evolution is broadly the same, with the same 
time-lag between weight and substance (and between volume and 
weight, but the authors used a different test for volume). On the 
other hand, Laurendeau and Pinard (in the press) found scarcely 
any inversion in the order: substance, weight and volume (12 
aberrant cases out of 441) but observed that their Canadian 


subjects suffering from retarded development and never in true mental deficients 
(probably because the notion of volume implies the notion of proportion and 
this is attained by formal operations—see below, paragraph 5—of which th 
are incapable). 
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subjects acquired the notion of the three conservations in a 
much shorter space of time, particularly in the case of weight and 


TABLE 3 


Percentage success in tests on the conservation 
of substance and weight 
(according to Lovell and Ogilvie) 


Substance (322 subjects) Weight (364 subjects) 
Non- Non- 
Tests conser- | Transi- | Conser- | conser- Transi- | Conser- 
vation tional | vation | vation tional | vation 
Class I 
(age 7-8) 31 3 6 
3 3 91 5 4 
Class II 
(age 8-9) 20 12 68 29 36 36 
Class III 
(age 9-10) 11 1 8 
74 32 20 4 
Class IV 3 
(age 10-11) 5 9 86 13 13 74 


à filament and finally ten rounded pieces) was followed by ques- 
tions on volume, weight and substance in turn. In our technique, 
these three aspects were dealt with in separate questionnaires and 
Sach questionnaire referred to the modifications of the ball as a 
whole, Laurendeau and Pinard followed this pattern with their 
Other technique, but with no interval between the three question- 
naires, It is therefore probable that systematic transfers occurred 
and 1t is all the more remarkable that subjects who attained the 
notion of conservation in the case of all the transformations 
Studied retained the order of succession: substance, weight and 


Volume, the last two being acquired earlier. 


Transfer of liquids or beads 


A We " 
a nid example of initial non-conservation followed by oper- 
lona] conservation, among the dozens that we could mention, 
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is to be found in the transfer of liquids or beads from a container 
A to containers B or C of a different shape from A. We have 
chosen this particular example for two reasons. The first is 
because there is complementary information on this subject in 
the chapter on images (Chapter 23). The second is because it 
differs from the previous example in the following way. With the 
ball of clay, we find that if the child is asked to anticipate the 
effects of its transformation into a sausage before the transfor- 
mation actually takes place, he expects general non-conservation. 
In the case of the transfer of beads or liquids, however, he antici- 
pates a kind of general conservation (or invariance) of the quan- 
tities involved, including the conservation of levels, despite the 
difference in shape between glasses A, B and C. Most probably 
the reason for this is that a ball seems to be modified in itself if 
its shape is changed while a liquid or a heap of beads assumes the 
shape of the containers. They do not appear to change in quan- 
tity unless the child foresees, by exact imaged representation, 
that the level will rise or fall in passing from A to B or C. When 
this happens, the unexpected perceptual configuration following 
the actual transfer leads to belief in non-conservation until such 
time as operations of compensation, etc., enable the child to 
substitute a necessary or true conservation for the pseudo-con- 
servation or invariance that was at first anticipated. 

The experiment is as follows. Two cylindrical glasses of the 
same size, A1 and A2 are presented to the child. He is asked to 
pour as much liquid in Ar as in A2, or as many beads (in this 
case putting a red bead in Ar with one hand every time he puts a 
blue bead in A2 with the other, this bi-univocal correspondence 
ensuring equality without having to count). Next, the experi- 
menter offers the child a glass, B, which is narrower and taller 
than A or a glass C which is wider and shorter. The child is 
told to pour Ar into B or C and is asked whether the quantities 
are the same in A2 and in B or C. This is repeated with four 
little cylindrical glasses, and again the child is asked whether 
together they equal A2. 

The results obtained have already been considered from the 
point of view of images in Chapter 23. From the point of view of 
operations, they are completely similar to those for conservation 
of substance in the case of balls of clay. The only difference is 
that the notion of conservation is acquired approximately a year 
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earlier. During the first stage, there is no conservation of quan- 
tities. There follows a transitional stage during which the child 
achieves the notion of conservation in some instances of transfer, 
but not in others. In the third stage, conservation is generalized. 
It is seen to apply to all transfers and considered logically neces- 
sary by the subject. Here are the results obtained by Vinh-Bang- 
Inhelder with 83 and go subjects:1 


TABLE 4 


Percentage success in tests on the conservation 
of liquids and beads 


Transfer of liquids (83 subjects) Transfer of beads (90 subjects) 


Non- Non- 
Age conser- Transi- | Conser- conser- Transi-  Conser- 
vation tional vation vation tional vation 
5 85 II 4 38 40 22 
6 40 42 18 6 40 54 
a 4 22 74 9 i 96 


The notion of the conservation of beads is acquired slightly 
earlier than that of liquids, probably because it concerns solids 
that do not lose their shape and because their collective equiva- 
lence is measured by bi-univocal correspondence. But such corre- 
Spondence is not enough to ensure the conservation of equivalence 
at the age of 5 or 6, as we shall again see in Section 3 when we 
come to consider numerical equivalences. 

Let us also note that the arguments advanced by the subjects in 
Support of conservation are identical to those which we men- 
tioned concerning the balls of clay: 1) simple reversibility: it is 
Possible to pour back from B to A and return to the original 
State; 2) reversibility through compensation of relations, for 
Instance, the water rises higher in B but B is narrower; 3) identity 
:n a positive form (‘It’s the same water’, etc.) or a negative form 

Nothing has been taken away or added', or 'it was simply a 
matter of pouring’, implying that the quantity was not modified). 
oed ere not the same subjects. In addition to the technique previously 

ed, a control experiment was introduced, three little glasses of a different 


S; 
ape (i.e. not cylindrical) being used for the transfers. 
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The uniformity of the arguments advanced bears witness, we feel, 
to the existence of a common operational process, linked to the 
construction of invariants. 


6 The problem of integrated structures 


Can one go a step further and assume that with the construction 
of invariants, operations are necessarily co-ordinated into an 
integrated structure (which, to our way of thinking, character- 
izes the very notion of operation)? Everything points to this, since 
if the subject spontaneously introduces reversibility, there is 
already an organized system including among other things the 
direct operation (transformation), its inverse (reversal) and the 
identical operation (null transformation). In other words, we have 
here the beginnings of a ‘group’ or ‘grouping’ (see Section 3). 
But let us beware on principle of logical analysis and let us try to 
say no more than is warranted by the facts. 

It so happens that one consequence of the hypothesis advanced 
in the preceding paragraph can be directly verified. If the con- 
struction of invariant equivalences is due to an operational 
elaboration, this must entail, in the subject's eyes, certain deduc- 
tive consequences such as transitivity. Thus, if a quantity A 
(substance, weight, etc.) is equal to quantity B and if B is equal 
to C, it must follow that A — C. Our hypothesis has therefore 
always been that as transitivity does not assert itself at pre-oper- 
ational levels (a fact that can easily be verified in every sphere) 
it must develop hand in hand with notions of conservation since 
these involve a certain amount of transitivity and since, in return, 
transitivity of the type ‘A = B, B = C, therefore A = C’ implies 
an invariant leading from A to C. A Norwegian psychologist, J. 
Smedslund, set out to test this hypothesis by 1) a direct study of 
possible correlations between a form of conservation (he chose 
that of weight) and the transitivity of corresponding equalities; 
2) a study of the learning processes relating to both these kinds of 
reality. Smedslund (1959) carried out his study with 57 children 
ranging in age from 6-5 to 7:6 (all considered advanced by com- 
parison with Genevan children on the basis of their performance 
at school). The first study revealed a ‘highly significant’ correlation 
Ge = 31:15 significant at -oor) between ‘at least an operational 
explanation’ of the conservation of weight and the transitivity 


164 


Intellectual Operations and their Development 


of equalities and inequalities (the latter were brought about 
by taking away a small portion of one of the three objects under 
comparison). Smedslund concluded that 'transitivity and con- 
Servation are at this stage only two different aspects of one and 
the same grouping'. In the course of his second study, Smedslund 
easily succeeded in making children learn about the conservation 
of weight by asking them to check on a balance that weights 
Temained equal after the first few transformations: this leads to 
immediate generalization of the physical aspect of the problem. 
On the other hand, when the same technique was used to verify 
the transitivity of equalities or inequalities it did not lead to a 
Brasp of transitivity. Thus, the logical aspect of conservation is 
dissociated from the physical aspect. 


3 ‘Groupings’ of classes and of relations and the 
Construction of number 


The Psychological reality of operations thus appears verified 

Y the spontaneous acquisition of the notions of conservation and 
by the justifications offered by the subjects. We must now 
examine the most general forms of these operations and the 
integrated structures which they constitute. From the end of the 
Sensori-motor period and especially from the time of the appear- 
ance of the symbolic function (one and a half to two years of age), 
One can observe forms of behaviour which will lead to the consti- 
tution of these more general operations, i.e. putting objects 
together in piles, etc., according to their similarities, as a prelude 
to the addition of classes, or ordering them according to their 
ifferences (for instance superposing building blocks in order of 

“creasing size), as a prelude to setting up chains of asymmetrical 
transitive relations (seriation). 


Classifications 


Classification behaviour can be studied experimentally with a 
ded to determining both the hierarchy of spontaneously elabor- 
re] Structures and the level of development of the child in 
ation to this hierarchy. The experimenter will for im - 
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give the child a number of small everyday objects, or a set of 
cards cut into geometrical forms and differing in shape, size and 
colour. The instructions vary according to the aim of the experi- 
ment, ranging from the most indeterminate ('arrange nicely’, ‘sort 
out’, ‘put together what goes together’) to the most restrictive 
(‘put all the same ones together’, ‘put together the ones that are 
most alike’, etc.) Indeterminate instructions enable the experi- 
menter to observe the most spontaneous tendencies while 
restrictive instructions can be used to determine the maximum 
performance attained in classification proper. 

These simple techniques serve to reveal the existence of a law 
of evolution which in itself throws light on the psychological 


nature of classification structures: 
a) At the elementary level we find what we have termed 


‘figural (or ‘graphic’) collections’. The child may do one of two 
things. He may put together elements not because of similarity 
alone but because they ‘go together’ for various reasons including 
similarity (for instance, nails and hammer, or a triangle above a 
square to make a house and roof). Alternatively, he may be con- 
cerned chiefly with similarities, adjusting first similar and later 
dissimilar elements to make a figure in space (squares lined up in 
a row or put together to form a large rectangle, etc.). These 
figural collections make an interesting transition between sensori- 
motor schemata (practical concepts, as it were, transposing from 
one situation to another that which can be generalized in an 
action) and the representative classes. Figural collections are like 
sensori-motor schemata in that they reflect an ability to assimilate 
objects to one another according to their uses and similarities and 
also in that they likewise fail to evoke the extension of these 
objects (since the schema has extension only in the eyes of the 
observer while for the subjects it proceeds 'step by step'. There 
is no awareness of the objects to which it applies as a whole, hence 
of its extension). But, since a graphic collection is already à 
representative unit, it must have extension. The subject over- 
comes this by using the mode of extension proper to perceptual 
wholes which is spatial, not numerical, and figural, not abstract 
as will later be the case. 

b) Subsequent classifications break free from these figural 
extensions. Thus, objects that are alike are simply put together in 
little piles. Moreover, once the pile is made (for instance a pile of 
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squares) the subjects succeed in subdividing it into sub-collections 
(large and small or red and blue) or in joining it to others (for 
instance putting the pile of squares next to the pile of rectangles 
So as to oppose the rectilinear and the curvilinear figures). Such 
behaviour is already clearly classificatory, since there is a begin- 
ning of class inclusion. We shall, however, speak only of ‘non- 
figural (or ‘non-graphic’) collections’ and not yet of ‘classes’ in the 
sense in which the term is used in c). There are two reasons for this. 
The first is that the subject proceeds by a method that is either 
descending (starting with large collections and then subdividing 
them) or ascending (progressively amalgamating small collections) 
but does not succeed in combining them with mobility. The 
Second reason, which follows from the first, is that the subject 
does not yet know how to compare quantitatively the extension of 
à collection B with that of a sub-collection A, in the form B > A. 
This, as we shall see, is one of the criteria of the operational level. 

€) Subjects who have reached this final level immediately 
establish hierarchical classifications with mobile combination of 
the ascending and descending processes. They are finally capable 
of quantifying inclusion i.e. A < B (their quantification is 
intensive and naturally not numerical). We shall see examples of 
It in the experiments we are about to describe. 


2 


‘All and ‘some’ 


Everyone admits that language contains classifications and it 
T Casy to observe that their structure rests on a carefully regu- 
ated use of ‘all’ and ‘some’. It is by recognizing that ‘all’ cats are 
Pier a but that all animals are not cats (only ‘some’ animals are) 
at the subject can, by the use of language, arrive at the inclusion 
of the sub-class of cats into that of animals and that he can, on the 
asis of this single intensive quantification (that is, without com- 
ARE the number of cats to non-cat animals), conclude that 
cre are necessarily more animals than cats. More than forty 
dier When one of us (Piaget, 1921) was studying in Paris a 
of th y Cyril Burt concerning these problems, he became aware 
à de remarkable difficulty encountered by children up to the age 
all ne or ten in trying to distinguish between the two expressions 
my flowers are yellow’ and ‘some of (or a number of) my 


OWers are yellow’ as if they both amounted to saying ‘all my 
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some flowers’, etc. The question that we must ask is whether 
this difficulty in handling inclusion is due only to its verbal 
expression or to deeper causes. 

On the verbal plane, the experimenter shows the subject a 
number of mixed squares and circles in a row. There are five 
blue circles, two red squares and two blue squares (the colours 
are equally mixed). The four following questions are asked: 


Cb — are all the circles blue? 
bC — are all the blue ones circles? 
Sr — are all the squares red? 


rS = are all the red ones squares? 
The correct responses that we obtained (with 1o or 12 subjects 
per age group) are given below as a percentage: 


'TABLE 5 


Percentage of correct responses relating to the use of ‘all’. 


Age (and number of subjects) 5(i2) 6(ro) 7(10) 8(z0) 9(10) 


Cb +Sr (mean) 66 85 95 95 95 
bC rS (mean) 66 67 75 90 92 
Cb rS (together) 42 45 70 80 80 
bC+Sr (together) 58 70 70 85 90 
Cb+rS+bC+Sr* 8 20 50 70 80 


* Success in all four at once, whereas the mean values Cb + Sr etc. are 
calculated (Cb + Sr). It should also be noted that responses have been evalu- 


2 
ated in terms of success, partial success and failure. 


It can be seen that questions Cb + rS, which are cast in 
the pattern ‘are all A's B's (if A is included in B)?' and bC + Sr, 
which have as their pattern 'are all B's A's (if A is included in 
B)?' are solved together only towards the age of eight or nine. 


3 Quantification of inclusion 


We shall now try to pass beyond the plane of verbal expression 
to see what can be understood about inclusion from the simple 
manipulation of objects. It is not enough to observe that when 
the child has constructed a collection B, he subdivides it into 
A and A’. In so doing, he could merely be comparing A to A' and 
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not to B—or else he could be thinking alternately of the whole B 
without its parts or of the parts A and A’ and neglecting the whole. 
Thus, he would fail to attain inclusion as a link between A and B. 
In order to ascertain whether the child really understands in- 
clusion, we must have recourse to an experiment involving a 
direct relation between A and B. The least verbal of these is the 
quantitative (intensive) relation A < B, ‘are there more A's or 
B's? This relation appears so immediate that one might think 
that perceptual inspection was sufficient to establish it. Yet, 
although the collection is left before the child, one finds that in 
fact it is not resolved earlier than the other relations (Table 5) 
and is, indeed, only another presentation of them (if all A's are 
B's but not all B's are A's, then A — B). 

The question is as follows. I: The child is given ten wooden 
beads (and is asked to verify that they are all made of wood). Of 
the ten, two are red and eight are yellow. The child is asked: 


a) ‘Are there in this (open) box more wooden beads or more 
yellow beads?'; 

b) "Two little girls (giving their names) would like to make a 
necklace with the beads. The first one (name) takes all the yellow 
beads, Then she undoes her necklace and puts all the beads back 
in the box. The second (name) takes all the wooden beads. Which 
9f them can make a longer necklace?’; 

c) ‘If you give me all the wooden beads, will there be any beads 
left in the box?'; 

d) Question a) is asked again. 

II: Ten artificial flowers are used, made up of two red roses 
and eight yellow daisies. Same questions a) to d), substituting 
bunches of flowers for necklaces. The results were as follows: 


TABLE 6 


Total successes (as % of number of subjects) in 
quantification of inclusion* 


Ages 5 6 7 8 9 
Beads 7 13 40 60 7o 
Flowers 10 23 43 60 73 
Both 3 13 30 50 67 


* 30 subjects per age group. 
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Three English psychologists, K. Lovell, D. Healey and A. D. 


Rowland,* repeated this experiment and asked the same ques- 
tions, with ten subjects in each age group. They found: 


TABLE 7 


Results of Lovell, Healey and Rowland* using 
the same questions as in Table 6% 


Ages 5 6 VÀ 8 9-II 
Beads o 30 40 30 100 
Flowers o 20 20 3o 9o 


* Translator’s Note: The reference as given is incorrect. The correct reference 
is Lovell, Mitchell and Everett (1962). 


It should be noted concerning Tables 5 and 6 that in all 
standardizations of research bearing on the qualitative logic of 
the subjects, there is a lower rate of success for all questions taken 
together than for the most difficult questions taken separately. 
"There are two reasons for this. One is that at the level of concrete 
operations logical forms are not yet independent of their content. 
They are a structurization of the particular content and there is no 
necessary generalization (cf. the stages observed in conservation, 
where there is no generalization at first when the contents are 
different even though the structures are identical). The other is 
that in wishing to standardize one impoverishes the substance of 
free clinical questioning, hence the role of factors of verbal 
expression, attention, interest, etc., which the clinical method 
neutralizes but with the result that statistics are altogether ex- 
cluded for want of sufficient homogeneity between individual 
questionings. It also happens that a standardized question may 
give rise to an appearance of comprehension in cases where more 
subtle clinical questioning would reveal the presence of inter- 


mediate reactions. 


4 Seriation 


In classification objects are grouped according to their equi- 
valences and, correspondingly, in seriation they are groupe 
according to their ordered differences. Already in Chapter 23 
(Mental Images), we broached the question of the seriation of 
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sticks of varying lengths. We have already indicated part of the 
technique? (making a ‘staircase’ by first placing the shortest stick 
at one end, then going on to longer and longer. sticks until 
finally the longest of all is placed at the other end). We have also 
indicated the three qualitative stages that were found: no seria- 
tion, followed by empirical seriation (trial and error) and finally 
Systematic or operational seriation (finding the smallest, then the 
next smallest of those that are left, and so on). This method 
therefore implies that an element E is understood to be at once 
bigger than those already put down (E > D, C, etc.) and smaller 
than those following (E < F, G, etc.). To check that the child 
understands this double relation > and < (and thus the reversi- 
bility of order), the technique can be taken a step further by giving 
the child one by one, after the series has been constructed, a few 
intermediate elements to be inserted near the half-way point. 
Subjects at stage II (empirical seriation) prefer to begin all over 
again, while those at stage III succeed in interpolating each stick 
Correctly, making their comparisons only from one end of the 
Series, knowing full well that the result would be identical were 
they to start at the other end. We give below the result of these 
two techniques combined, standardized by Vinh-Bang and B. 
Inhelder on 134 subjects. 


TABLE 8 


Reactions to seriation (as % of number of subjects) 


Age (and number of subjects)  4(15)  5(34) 6(32) 7(32) 8(21) 


Construction of the series 


© attempt at seriation 53 18 7 à id 
Small unco-ordinated 

Series 47 61 34 22 9 

a T'rial and error o T2 29 23 À 

Systematic method o 9 34 s3 i 

Interpolations 

9 attempt 60 43 6 x 2 

1 Dsuccessful attempts 20 16 n E : 

i gartial success 20 32 54 37 : 

Uccessful interpolation o 9 28 63 2 


1 i RE 
See in Particular the sizes of the sticks used: Chapter 23 Section 7, 2. 
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One can see that there is a fairly regular relation between the 
construction of the series and subsequent interpolations. One also 
sees how from the age of 6—7 there is a higher degree of success 
with seriation than with the two tests of class inclusion (Tables 
5 and 6). Seriation produces a structure which is at once a little 
simpler from the operational point of view and much easier to 
symbolize by imaged representation (see Chapter 23). 


5 ‘Grouping’ structures 


This necessarily brings us to comment on operational structures. 
In our attempt to decide whether the notion of operation was 
psychologically justified or arose from pre-existing logical notions, 
we first of all observed (in Section 2) that it corresponded to con- 
stant functional reactions observed in the construction of the 
concepts of conservation (simple reversibility, reversibility 
through compensation or through identity). We are now led to 
observe that the formation of operations also corresponds to the 
constitution of integrated operational structures. We have just 
seen two examples of these: simple classification (as against 
multiplicative matrices) and seriation. But do these structures 
really arise out of the child’s own actions or are they a product of 
the logic of the psychologist who observes them, particularly if he 
knows something of theoretical logic? There are two arguments 
which we believe to be decisive. 

The first is that these structures can be observed in a spon- 
taneous state. Children engage of their own accord in seriations 
and classifications, and there is no need of instructions imposing 
a model which would necessarily be artificial. 

The second is that the general aspect of these early structures 
has in point of fact escaped logicians. One of us (Piaget) having 
initially observed these structures as a psychologist tried to 
formulate them in the language of logic and in so doing naturally 
aroused the resistance of professional logicians. This general 
aspect, which we have termed a ‘grouping’, corresponds in 
reality to a level so elementary that these structures can only be of 
very limited interest in logic. Their common character is, 1n- 


ology and 


1 Nevertheless, purely descriptive sciences, such as systematic ZO A 
re- 


botany, use these structures exclusively in establishing classifications anı 
lations. 
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deed, that they can only proceed ‘step by step’ and not according 
to any combination. This is precisely what distinguishes 'con- 
crete operations' characteristic of children between the ages of 
Seven and twelve from the formal combinatorial systems of later 
years. For example, one can bring together snails and slugs to 
form a natural class but one cannot bring together snails and 
camels in the same way whereas one caz combine any number 
with any other. 

It ensues that a ‘grouping’ is a system with the following 
Properties: 1) by means of a given operation it engenders ‘step 
by step’ new elements which take their place in the system; for 
instance, it brings together two classes or two relations to form a 
third which comprises them both; 2) the operation can be in- 
versed; 3) the product of the operation and of its inverse is the 
identical operation (uniting, then dissociating, amounts to not 
changing anything); 4) the fact of applying the operation to the 
same object a second time adds nothing to the first application 
(this is not so in the case of number where 1 + 1 = 2 as against 
+A + A = + A; 5) this last property restricts the mobility of 
the system (incomplete ‘associativity’).* 


6 Multiplicative ‘groupings’ 


Classifications and seriations are the two most important ‘group- 
Ings’ constituted at the age of about 7 or 8. It is at this stage that 
We observe the beginning of what are known as ‘concrete’ oper- 
ations, so called because they bear directly on objects and not on 
verbally stated propositions or hypotheses. Both rest on additive 
Operations affecting classes or relations. But at the same level 
aiher ‘groupings’ are constituted which might be called multipli- 
Sative, in that they bear on several classifications or several 
Seriations at once. It is interesting to mention them, first to show 
that they too appear in a highly spontaneous manner and second 
to warn against the interferences that may occur between the 
a ative and the operative aspects of thought when one is 
evising tests patterned on these spontaneous structures (cf. 
aven’s *matrices?), 
he simplest of the multiplicative structures arising out of 
"In logic, ‘associativity’ is the property symbolized by the equivalence (a+b) 
= 4+(b+c). Example (24-3)--4 = 2+(3+4) since 5+4 = 247. à 
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seriation is serial correspondence. One of us (Piaget) formerly 
used the following test with A. Szeminska. It consisted in pre- 
senting out of order dolls of differing heights and sticks that 
could likewise be seriated according to length, then asking which 
stick corresponds to which doll or vice versa. At the level of 
operational seriation the child finds it no more difficult to con- 
struct a double series than a single series! and he uses this pro- 
cedure of his own accord to find the required correspondence 
(similarly with three seriations, when there are also rucksacks 
that can be ordered in size). 

As to multiplicative classifications, it often happens that the 
child constructs of his own accord tables of double entry (or 
matrices) as in the following example. A girl of six and a half is 
asked to classify squares and circles, which may be either red or 
blue. She forms two collections beginning with shapes (squares 
and circles), then subdivides each according to colour (red or 
blue). She then notices that it is possible to put together reds and 
blues independently of shape and of her own accord puts the pile 
of red circles beneath that of red squares and likewise the pile of 
blue circles beneath that of blue squares, thus making a table of 
double entry. She then stretches out her hand and points with 
her thumb at one pile and with her little finger at the other and 
says quite spontaneously: “Here are the circles and the squares 
(along the horizontal) and there are the reds and the blues (down 
the vertical).' 

Raven used this structure to construct his famous intelligence 
test, known as Progressive matrices: he gave the subjects tables in 
which three cells out of four were already occupied. The fourth 
had to be filled by selecting the appropriate element among 
several. It is easy to see that the child is thus free to use two 
quite distinct methods. One is figural and based on perceptual 
symmetries, the other is operational, it rests on a double classifi- 
cation and draws on genuine inferences. To dissociate the two 
methods, it is enough to ask the subject to justify his choice and 
in particular to ask him whether or not the elements he has not 
chosen (among the 6-8 elements put before him) are excluded 
and why. We give below the results obtained when children of 
different ages were presented a) with a matrix relating to two 


1 Except of course when the two series are in inverse order as in the temporal 
seriation in Table 12 (Section 4). 
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objects (a daisy and an apple) and two colours (yellow and red) 
and b) with another relating to two fishes and two birds of two 
different colours and two ‘orientations’ (i.e. facing different ways). 


'TABLE 9 
Example of matrices with two criteria 


{objects and colours) or three criteria (objects, colours 
and orientations) 


Two criteria 
Ages (and number of subjects) 4(r3) 3(29) 6(14) 743) $05) 


Figural solutions 35 29 28 Iz 
Perational solutions o 12 57 62 88 


Three criteria 


Ages (and number of subjects) 4(:3) 3(29 604) 7603) $05) 


—M 
Figural solutions 25 18 28 o o 
Perational solutions 12 12 14 37 22 


á It Can be seen that this matrix technique cannot be used as an 
Perational test without proper caution. 


7 " 
Construction of the whole number 


e construction of operational groupings of classes and of 
ations leads to that of the series of whole numbers. On this 
point as on so many others, we must first of all beware of verbal 
quais No one disputes that the child is helped in acquiring 
that rw by verbal numeration. It is often assumed, however, 
us verbal learning suffices to engender the notion of number 
ae is clearly false. There is for example a stage when the 
the will admit the equality of two rows of five counters when 
ai are parallel and correspond optically term-for-term. 
a bani v refuse to admit equality as soon as one of the rows is 
€ ref y moving the last two elements 1-2 cm. further along. 
our di. to do so even if he counts ‘5 and 5’. Thus, a child of 
ay say ‘that makes 1, 2, 3, 4, 5 here and 1, 2, 3... 4 5 
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there, but even so that makes more there’. In this example the 
numbers 1 to 5 are names which serve to individualize the ele- 
ments but which do not lead to the conclusion that the whole is 
equal to the sum of the parts and so do not lead to the conserva- 
tion of the whole. It is clear that in the absence of additivity and 
conservation number cannot be said to exist. 

In taking these two fundamental properties as criteria of num- 
ber, we are once again not guided by logic but simply by what the 
child spontaneously recognizes on reaching the operational stage 
at the age of 7 or 8. At this stage he even succeeds in recognizing 
the equivalence of sets which he cannot count but which he sees 
to be equal on the basis of term-for-term correspondence. We 
must therefore try to discover how number is constructed since 
language alone is not sufficient to transmit it ready made. With- 
out going beyond what was said in 1) to 6), we find that three 
hypotheses suggest themselves: a) the first is that number is 
independent of elementary logical structures; b) the second is 
that it derives directly from them (cardinal numbers arising 
out of classes and ordinal numbers out of seriation); c) the third 
is that it constitutes a new and original synthesis; all the elements 
of this synthesis are borrowed from ‘grouping’ structures but the 
total structure results from a new mode of composition. 


8 So-called intuition of number and numerical correspondences 


The first solution amounts to considering number as the product 
of a primitive and independent ‘intuition’. This is the view upheld 
in mathematics by the ‘intuitionists’ (from Poincaré to Brouwer) 
with arguments appropriate to their discipline. From the psycho- 
logical point of view, the two main difficulties which stand in the 
way of this solution are that, as we have seen, elementary in- 
tuitions of number are not immediately numerical but only 
‘prenumerical’ for want of additivity and particularly of conser- 
vation. Also the transition from these preoperational structures 
to the operational concept of number proceeds according to 
stages that are surprisingly parallel (with approximate term-for- 
term synchronization) to those which we indicated in the con- 
struction of groupings of classes and of relations. . 
These two affirmations (initial non-conservation of numerical 
sets and parallel succession of stages) can be controlled by a very 
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simple experiment. This has been repeated by several researchers 
(Churchill, Laurendeau and Pinard, etc.). It was devised by one 
of us (Piaget) in 1919-1920, to distinguish between normal 
children and young epileptics in the Voisin Division of La 
Salpétriére (in fact normal children reacted in exactly the same 
way between the ages of 4 and 6, as was later observed with A. 
Szeminska!)! The child is first shown a series of 6-7 blue coun- 
ters with a small space between them and then given a box of red 
Counters. He is asked to put on the table as many red counters as 
there are blue. Four stages can be observed. During the first, 
the child merely constructs with the red counters a row of the 
Same length as the row of blue counters. He judges quantity 
by the Space that is filled. During the second stage, the subject 
establishes a term-for-term but optical correspondence (each red 
Opposite a blue). When this optical configuration is destroyed by 
Spacing out one of the rows, the child thinks that there is no 
longer equivalence either in quantity or in number. During the 
third Stage, the child proceeds in the same way but when one of 
the rows has been spaced out, he admits that he will find the 
Same number if he counts yet continues to think that the total 
quantity has changed (see Gréco, 1961). Finally at the operational 
level, Correspondence, once established, is seen to involve the 
Conservation of equivalences (including that of quantity there- 
after conceived as measurable by number) despite changes in 
Configuration, 

Egg cups and eggs can also be used to reinforce the correspond- 
ence by a relation between container and content. A variant of this 
(used in our first experiments) takes the form of a shopping game. 
^ Coin is exchanged for an object (nine times in succession), 
then the experimenter hides one of the sets (coins or objects) 
and asks the child whether the visible set and the hidden set are 
equal or not. In this case a control is indispensable: the exchange 
IS again performed, in reverse, up to a given number (six for 
Stance) and the child is asked whether the remainder (the 
Child's three coins and the partner's three objects which are 

ept hidden) are also equal in number or not. The Vinh-Bang- 
nhelder Standardizations have yielded the results shown in 
able 10 overleaf. 

t can be seen that the degree of success in both tests together 

1 See Piaget and Szeminska, 1952; P. Gréco, 1961. 
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is, once again, lower than for each separately. This is due to the 
two reasons indicated in Section 2. 


TABLE 10 


Complete success in tests of numerical 
correspondence gp 
(as % of 25 subjects per age group) | 


Tests Shopping game Egg Cups Shopping game + 
Egg Cups + 
Age 4 4 8 4 
» 5 46 50 35 
» 6 64 75 50 
a 88 8o 8o 
Tests Shopping game — Shopping game + — Shopping game — 
Egg Cups + Egg Cups — Egg Cups — 
Age 4 4 6 82 
» 5 15 12 38 
» 6 32 14 4 
ay o 8 12 


9 Operational nature of number 


From these and many similar facts we can conclude that number 
does not correspond to a primitive or independent intuition but 
is constructed operationally, growing out of an initial level of 
non-conservation in the same way and at the same ages as the 
groupings of classes and relations. Must we therefore conclude, 
in agreement with Whitehead and Bertrand Russell, that cardinal 
numbers result simply from a correspondence between classes 
(as the preceding experiments seem to indicate) and ordinal num- 
bers from a serial correspondence? This conclusion is incorrect 
for the following reasons. First, a simple correspondence between 
classes would make it possible to acquire any given number 
independently of the others, for example five before four (like O. 
Köhler’s birds, trained to discern a collection of five elements yet 
unable to discern collections of four or three!) In actual fact, the 
child learns numbers in the order of their series and it is this 
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series which constitutes the natural operational structure! from 
the psychological point of view, and not isolated numbers which 
Properly belong to logical atomism. Secondly, and above all, 
the term-for-term correspondence which enters into the pre- 
ceding experiments ceases to be an operation concerned with 
groupings of classes and of relations. This is because it abstracts 
the qualities of objects in counting each as one (arithmetical 
unit). In this, it differs from the correspondences found in multi- 
Plicative matrices of classes or of relations which rest on qualita- 
tive equivalences, Number therefore supposes a new synthesis 
despite the fact that all its elements are borrowed from ‘groupings’. 
It retains the structure of inclusion characteristic of classes (1 
included in 2; 2 in 3; etc.) but just as it disregards qualities in 
transforming objects into units, so it introduces a serial order 
as the only means of distinguishing one unit from the next: 1 then 
I, then r, etc, (spatial or temporal order, or simply order of 
enumeration). Number is therefore a combination of the serial 
Order of units and of the progressive inclusion of the sets which 
result from bringing the units together (1 included in nem 
t+ f included in 1 + 1 +1, etc) It is a new and original 
Synthesis, yet one which borrows all its elements from the 
Simpler structures of logical groupings. 


4 Spatio-temporal operations and chance 


The above-mentioned operations all refer to sets of discontinuous 
objects and do not take into account (or have ceased to take into 
account) the Spatio-temporal proximities or non-proximities 
‘tween the elements. In the case of a single continuous object, 
owever, problems can only be solved by operations dealing with 
the relations between the parts and the whole (cf. inclusions) or 
With those between the parts themselves (cf. asymmetrical or 
Symmetrical relations), At the same time, spatial and temporal 


Proximities have to be taken into account. What will happen 


1 Ais dag ; 

1 In this it is comparable to ‘groupings’: there are no isolated classes but only 

© ssifications and no isolated asymmetrical relations but only serlations. 

imilarly, number does not exist in isolation but in relation to the series of 
numbers, 
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when the child has to deal with such problems? As we watch 
him, we are immediately struck by the admirable spontaneity of 
his operations (particularly when we recall that in most countries 
geometry is not taught until some years after arithmetic) for we 
find that he uses the same operations and their same groupings 
or syntheses, albeit on a lower plane which we shall therefore 
call ‘infralogical’ (not to be confused with prelogical). The only 
distinguishing feature of these infralogical operations is that they 
take into account proximities within figures or continuous 
objects. Moreover, they begin to take shape at the same ages 
as, and in a closely parallel fashion to, the operations already 
mentioned (logico-numerical operations). 


I Spontaneous measurement 


A striking instance of this parallelism can be seen in the elabor- 
ation of spontaneous spatial measurements. It has unfortunately 
not been possible to standardize the experiment in question as it 
would have lost all its immediate freshness had this been done. 
The child is shown a tower made of blocks of unequal sizes 
and he is asked to build a similar tower some distance away on a 
lower table with blocks that are also unequal. He is naturally 
offered everything that he needs for measuring: strings, rods, etc. 
During the earliest stage, the child merely copies the model by 
eye without considering the level of the base, and when he is 
asked how he knows that it is right, he merely says: ‘I have good 
eyes.’ During the next stage, the child no longer relies purely on 
this visual transfer and demands a manual transfer. Having made 
his copy, he wants to bring it close to the model. On reaching the 
third stage, the child begins to understand the need for a middle 
term but at first he uses only his own body for this purpose. He 
places one hand on top of his tower and the other at the base and 
he tries to carry across this height as an empty interval in space. 
Alternatively, he stands next to his tower and places a finger 
where the top of the tower touches his shoulder and another 


1 We use the term ‘infralogical’ in view of the fact that logical operations deal 


with sets of discrete objects, disregarding what is within the object, whereas 
infralogical operations are concerned with links within the object (whatever its 
size, even if it is the spatial universe itself in its entirety—the point being that it 


is then conceived as a unique continuum, hence as a continuous object). 
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Where the base of the tower touches his leg. He then carries 
across these two reference points to apply them to the model 
tower. It then occurs to him to use an external object. He builds 
a third tower and carries it from his copy to the model or else 
uses a stick which is of exactly the same length as his tower is 
high. Let us note that the use of this middle term M to judge 
Whether towers A and B are equal indicates that an operational 
mechanism is beginning to function in the form of transitivity: 
A=M,M = B, therefore A = B. This cannot yet be called 
measurement, however. The child comes closer to it during the 
fifth Stage when he first thinks of using a stick which is longer 
than his tower is high and marking off on it with his finger the 
Point corresponding to the top of the tower. True measurement 
is finally achieved during the sixth stage as soon as the subject 
discovers that it is possible to use a stick smaller than the tower 
by holding it up a number of times against the copy-tower and 
against the model tower (this happens on an average at the age of 
Seven or eight). 
. What does spontaneous measurement consist in? The answer 
is that there are three operations: 1) dividing the continuum into 
à number of parts and realizing that it is possible to nest the parts 
within one another and within the whole. Hence this operation 
of ‘sub-division’ corresponds to inclusion, the only difference 
being that it is based on proximities and not on similarities; 2) 
Ordering the positions of the parts in a spatial sequence. This 
Corresponds to serial ordering; 3) lastly, and above all, establish- 
ing a unit by choosing a part and holding it successively against 
the others, This constitutes a synthesis of sub-division and of 
displacement (the latter then being an ordered change of posi- 
tions), Measurement is thus a synthesis of sub-division and of 
displacement just as number is a synthesis of inclusion and of 
Serial order. The two constructions are thus isomorphic apart 
iia the part played by proximities. Moreover, they are practi- 
tae d Synchronous, with just a slight time-lag (about six months) 
à the case of measurement. This is because the unit has to be 
ronstructed by dividing the continuum instead of being ‘given’ 
Y the presence of discontinuous objects once the abstraction of 
Qualities has taken place. 
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2 Other spatial operations 


We have taken operations of measurement first in order to show 
the parallelism that exists between them and those discussed in 
the previous section. We must not imagine that in so doing we 
have exhausted the subject of operational space. 

It we examine the chronological order of development of 
scientific geometries, we find that it has proceeded from Euclidean 
metrics to projective space and thence to topological structures. 
When we observe the child, however, we find that the order of 
construction of spatial operations is much closer to the theor- 
etical order of construction of geometries as based on hier- 
archical 'groups' of transformations (this, incidentally, is a further 
argument in support of the ‘natural’ character of operations). 
We thus find that topological operations come first (‘enclosure’ 
and order, etc.) followed simultaneously by Euclidean operations 
(leading to metrics and to the system of natural co-ordinates) 
and projective operations (leading to the co-ordination of view- 
points). 

We have room to quote only a few experiments in this chapter 
and are unable to give a sample of each variety of operational 
spatial structure. We could otherwise have examined each in 
turn: topological operations as revealed in experiments on the 
constitution of order and on conservation of proximities;! 
Euclidean structures as seen in such operational constructions as 
conservation of lengths, surfaces and volumes, and the elaboration 
of systems of reference (horizontal and vertical); projective struc- 
tures as seen in the perspective transformations of a single object or 
of a system of several objects with co-ordination of viewpoints. Let 
us, however, confine ourselves to a single instance of projective 
operations and so that we need not discuss the respective part 
played by perception and by operations in the process of struc- 
turization, let us choose the transformation of shadows, which is 
in fact similar in all respects to perspective transformations. 

A light source (candle) and a vertical white screen are presente 
to the child. He is first shown how an object placed between them 
and held by tweezers projects a shadow onto the screen and how 
the shape of the shadow changes according to the position of the 
object. Then the candle is put out and a rigid rod is placed 

1 B. Inhelder and M. Bovet, in preparation. 
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between it and the screen. The subject is asked 1) to make draw- 
ings anticipating the progressive shortening of the rod as it is 
rotated from the vertical into the horizontal position on the plane 
defined by the rod and the child's eye; 2) to anticipate that the 
shadow will be reduced to a point when the rod is horizontal 
and thus seen end on by the subject; 3) to anticipate the progres- 
Sive transformation of the shadow cast by a ring. This shadow is 
first of all circular, then elliptical, becoming progressively flatter 
as the object is rotated; 4) to foresee that when the ring is viewed 
horizontally the shadow will be reduced to a straight line. 

Here are the results standardized by Vinh-Bang-Inhelder on 
thirty children per age group: 


TABLE 11 


Anticipation of the shape of shadows 
(as % of number of subjects) 


Ages 7 $8 9 IO 

Correct anticipation of all four transformations 3 6 13 70 
ied » of rotation of rod 3 16 3o 86 

ii » of point 33 53 70 96 

" » of rotation of ring 23 40 46 9o 

i » of straight line 13 23 26 80 


This experiment can also take the form of asking the subjects 
to choose between ready made drawings. In this case, correct 
answers are given from a slightly earlier age.* 


3$ q €mporal operations 


In addition to perceptual time and intuitive or pre-operational 


s there are temporal operations: 1) ordering operations, first 
% all, which consist in seriating events according to their order 


[) Succession; 2) operations of sub-division and inclusion, which 

re E Lovell, D. Healey and A. D. Rowland (1962, Child Development No. 33) 

supe twelve of our experiments on space with normal and educationally 

of normal children. They found good correlations between the various stages 
Spatial operations and mental development in general. Thus ‘it is found that 

ya to 15-year-old E.S.N. children have the operational mobility of about an 
tage 74-year-old’. 


183 


Jean Piaget and Bärbel Inhelder 


consist in marking off the intervals of time between the ordered 
points and in ‘fitting’ the small ones within the larger ones, etc.; 
3) metrical operations which consist in choosing an interval of 
time as a unit and using it as a standard for the measurement of 
all others (cf. musical notation). Like spatial measurements they 
are the outcome of a synthesis of sub-division and displacement. 
These three kinds of operations develop spontaneously in the 
child and can be illustrated by a very simple experiment. 

'The child is shown two jars, one vertically above the other. 
The liquid in the first jar drains into the second in stages regu- 
lated by a tap. A series of nine line drawings is also presented to 
the child, showing the outline of the two jars (the top one 
spherical and the bottom one cylindrical) and the liquid levels in 
the jars during each stage of the experiment. The child is asked, 
by way of introduction, to check the correspondence between the 
drawings and the real water levels. Following this, the tests 
begin: 1) The drawings are shuffled and the child is asked to 
seriate them according to the order of events: ‘Where was the 
water at the beginning? Where was it after that? And after that? 
etc.; 2) When the seriation is complete, the six drawings are each 
cut into half and the twelve pieces shuffled. The child is then 
shown a particular level in the top or bottom jar and asked to 
find the corresponding level in the other jar. This necessitates 
double seriation in inverse order for the top and the bottom. 3) 
The experimenter can vary his approach by drawing a line in ink 
on the jars to indicate levels or presenting the prepared drawings 
and asking whether more or less time is required for the level to 
be displaced from I, to I; (levels in the top jar) or from II, to 
II, (levels in the bottom jar, the two jars being of different shapes 
to avoid a simple spatial reading), etc. 4) Finally, since the bottom 
jar is cylindrical, it is possible by using equidistant levels to 
introduce the child to a measurement of time. : 

In Table 12, according to Vinh-Bang-Inhelder's standardiza- 
tion, are the results for ordering operations. . 

It can be seen that double seriation with inversion (falling 
levels above and rising levels below) is not acquired by 75 PET 
cent of the subjects until a year after single seriation. It should 
at the same time be pointed out that in the case of moving 
objects succession and simultaneity are easy to establish only 
when the objects are moving at equal speeds. Young children 
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Cannot cope with unequal speeds. As an experiment two dolls 
can be made to run together along parallel courses. Their starting 
Point is the same and they stop together. They may do so at the 
Same point (equal speeds, in which case the fact that they stop 
simultaneously presents no difficulty), or at different points 
(unequal speeds, in which case the simultaneity of times of 
arrival is denied until about the age of six and the equal duration 
of synchronous journeys is denied until about seven or eight). 


TABLE 12 


Temporal seriation 
(as % of 25 subjects per age group) 


Ages 5 6 7 8 9 


Single Seriation (with spontaneous 
corrections) 28 56 76 92 96 
Double Seriation with inversion 8 8 56 88 92 


Alternatively, a liquid can be allowed to drain through a Y-tube 
into two containers. These may be identical (in which case neither 
Stmultaneities nor synchronisms present any difficulty) or they 
may be different so that the level of liquid rises more quickly in 
one than in the other (in which case neither the simultaneity 
of the Stoppages nor the equal duration of flow are recognized 
Until the same ages). In short, as soon as there are unequal speeds, 
Subjects have difficulty in making judgments of succession. This 
applies both to simultaneity (of stoppages) and to actual duration 
Was the time taken equal, or longer or shorter?). The difficulty 
arises because it is necessary to co-ordinate the (spatially measur- 
able) times relative to each of the movements. In this respect, 
time can be conceived as a co-ordination of speeds in the same 
Way as space rests on a co-ordination of displacements (including 


Positions but disregarding speeds). 


45 ‘peed 


We need only briefly mention operations relating to speed since 
© gave in the preceding chapter (Chapter 23, Section 6, 7) a 
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table of anticipations concerning overtaking, catching up and 
partial catching up. It will be enough to point out that cinematic 
operations are of two kinds. Some are ordinal and concerned only 
with a direct comparison of the speeds of two moving objects in 
certain privileged situations. Others are metrical and can con- 
centrate on a single moving object whose speed is then deter- 
mined by the relation v — d : t. The first of these operations rest 
on the intuition of overtaking, which provides a univocal criterion 
of higher speed. But at the pre-operational level the child does 
not take into account the trajectory itself (except when the per- 
ception of speed, as distinct from notional judgment, is imposed 
on him). Essentially, he considers only the points of arrival. It 
is only at about the age of seven or eight, as we have seen (Chap- 
ter 23, Tables 10 and 11), that the trajectories of the two moving 
objects with one overtaking the other are correctly reproduced 
and their subsequent course anticipated. It is therefore from this 
level onwards that it is possible to speak of an ordinal operation 
referring to overtaking. The operation can be said to be fully 
generalized when the subject has learned to anticipate the sub- 
sequent course of itineraries visibly leading only to catching up or 
partial catching up. As we have seen (Chapter 23, Table 11), 
these anticipations are achieved only towards the age of nine or 
ten since they involve not only the order of positions but also a 
(hyperordinal) consideration of the diminution and increase of 
intervals. It is only when this generalization has been achieved 
that the metrical operation by means of which the distance 
covered is related to the duration of the movement can be per- 
formed. This operation, which the child becomes capable of 
only at eleven or twelve, naturally appears at first in a form of 
logical or qualitative multiplication such as we find in Aristotle’s 
Physica: same space (or greater) x less time — faster, etc. (the 
only indeterminate multiplications, out of nine combinations, 
being ‘further x more time =?’ and ‘less far x less time =?’)- In 
order to pass from this concrete multiplication of relations to 
actual measurement, however, it is necessary to introduce pro- 
portions (for example, if 2d :1t — 4d :2t , then the spee 
is the same). Proportions however, as we shall see in Section 5 
necessitate the use of formal operations. 
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5 Chance 


Chance is another operational notion and we should like to 
indicate how it comes to be formed at the level of concrete 
operations. In our scale of observation, we can define chance, 
with Cournot, as the interference of two independent causal 
Series, thus as a product of the ‘mixing’ of such series. Now, 
mixing is the prototype of irreversible phenomena, in the sense 
that if one mixes a number of objects (thus interfering with the 
natural course of events) the probability of returning to the 
original order becomes less and less. It was therefore of interest, 
In order to check our hypotheses on the reversible nature of 
Operational structures, to examine the notion of chance and how 
It is acquired. Is the discovery of chance bound up with the 
evolution of operations (so that at the level where operations 
Permit deduction, chance would be seen as that which resists 
deduction)? Alternatively, is the notion of fortuity accessible at 
all levels and particularly at the level where the child conceives 
transformations only in an irreversible manner? (See Section 2 
Concerning levels of non-conservation). 

The result of the experiments carried out in this connection 
(Piaget and Inhelder, 1953) proved very decisive. There is no 
comprehension of chance at pre-operational levels and the idea of 
irreversible ‘mixing’ can be assimilated only with reference to 
reversible operational composition. It is worth quoting one of 
E experiments even though we have only qualitative results to 
Otter, 

The subject is shown a rectangular box. It is tilted towards one 
Sr the short sides which is partitioned so that it is possible to 
line up eight white beads next to eight red beads. The subject 
35 told that the box is going to be tilted the other way. The beads 
Will run into the non-partitioned area and then each return to a 
compartment. He is asked how they will be distributed (will 
they be mixed or will the eight white beads still be on one side and 
the eight red beads on the other?) The child gives his answer, then 
the tilting takes place and he is asked what will happen next. 
indi finds that the youngest subjects anticipate a return to the 
: lal state. When they see that the beads are mixed, they some- 

mes say that if one goes on there will be ‘unmixing’. They often 


*Xpect in particular that all the white beads will finally go to the 
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side of the reds and vice versa, with a further chassé-croisé provid- 
ing one has the patience to go on long enough. In short, children 
at a level of non-conservation and of irreversibility seem for once 
to admit the existence of a reversible process. The truth is that 
they do so in appearance only. This is because a reversible process 
is a transition from a state A to an equally significant state B, with 
the possibility of return from B to A according to the same trans- 
formation as that from A to B, but in the opposite direction. In 
this particular instance, however, there is a privileged state, 
which is the original order. It is followed by a state of disorder 
which is purely accidental (as Aristotle said of cvy and of àfpis). 
Finally there is a return to order because order, through a kind 
of pseudo-conservation or persistence, has not ceased in fact to 
exert an influence. Asking the child to draw trajectories produces 
very illuminating results: there is no collision between the beads. 
Instead there are systematic trajectories leading from one side to 
the other or even simple ‘return journeys to and from the starting 
point'. From the age of eight or nine, however, the child recog- 
nizes that the beads will be increasingly mixed and regards a 
return to the initial state as impossible or ‘just possible’ provided 


one goes on for a very long time. 


6 Chance (continued) and the game of heads or tails 


A game of ‘heads or tails’ (with counters that have a cross on one 
side and a circle on the other) can be used to show that at the 
age of five or six nearly half the children believe that it is possible 
to forecast the results of tossing a number of single counters and 
then a handful. To go beyond verbal reactions the original 
counters are replaced, unbeknown to the child, by a bag of faked 
counters with crosses on both sides and a handful of these are 
tossed: before the age of seven or eight more than half the sub- 
jects accept this as natural but from the age of eight they either 
think that ‘it’s not normal’ or they discover the trick (see Table 13): 

We thus find that the notion of chance develops at the level of 
concrete operations and could be defined as that which ‘resists 
operations. These, however, gradually begin to take their 
revenge by assimilating statistical situations in the form of prob” 
ability. This is a further indication of the spontaneous character 
of operations. We live in a society where questions of probability 
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TABLE 13* 


Reactions to the tossing of counters (chance) 
(as % of 182 subjects) 


Ages 5-6 7 $8 9 zo II I2 
Anticipation 
Possible 47 2 i2 20 17 o 3 
Uncertain 34 12 o o 9 96 o 
Impossible 19 61 88 80 83 100 97 
Faked counters 
"Not normal’ 23 47 58 88 68 64 68 
Discovery of the trick 16 27 34 42 5 71 88 


* Vinh-Bang-Inhelder standardization. 


are more and more becoming a preoccupation of the élite, but 
they are not studied in school and it is not until the baccalauréat 
that pupils are given the rudiments of the combinatorial system. 
Yet, in spite of this, adolescents succeed in discovering for them- 
Selves the practical application (though naturally without the 
theory). Here first is an example of elementary quantification of 
Probabilities: 


The experimenter presents a bag containing thirty counters of 
four different colours (fifteen yellow, eight red, five blue and two 
green). A model set of identical counters is laid on the table next 
to the child and he is asked to forecast what pair is most likely 
to ‘come up’ if two counters are taken at random from the bag. 
The counters that are taken out are not put back and the child is 


asked to forecast the next eight draws. 
The results were as follows with 138 subjects between the ages 


9f 9 and 12 (Vinh-Bang and Inhelder): 


TABLE 14 


Chance drawing of pairs 


Age (and number of subjects) 9(30)  ro(40) 11(38) 12(30) 


quantification at each draw 23 425 87 97 
ginning of quantification 67 42:5 13 3 
Sence of quantification 10 15 Es 9 
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One sees that the problem is solved only towards the age of 
eleven, that is to say the time when formal operations begin. The 
reason is that this kind of solution necessitates a combinational 
system and, as we shall see, this system is one of the two main 
characteristics of higher operations. 


5 Propositional or formal operations 


The final phase in the construction of the operations peculiar to 
childhood and adolescence begins towards the age of eleven or 
twelve and a provisional state of equilibrium is reached at fourteen 
or fifteen. The most noticeable character of this final phase is 
that the subject’s reasoning is no longer directly confined to con- 
crete objects or manipulations of these (operations concerning 
classes, relations and numbers, and spatio-temporal operations). 
He can now make operational deductions on the basis of hypo- 
theses stated verbally (propositional logic). As a result, the form 
of these new operational structures becomes dissociated from the 
content, hence the possibility of hypothetico-deductive or formal 
reasoning. 

These new operations, however, do not arise ex nihilo and the 
fact that they appear at different ages in different environments 
prevents us from attributing them to maturation alone. It is there- 
fore important to understand how they grow out of earlier oper- 
ations. It is possible to do this since the two main characteristics 
of formal operations, that is the combinatorial system and the 
INRC group (or group of the two reversibilities) are both grafted 
on to concrete operations with their ‘groupings’. At the same time, 
they transcend and integrate them. This is a fine example of 
integration of earlier structures into later ones in the psycho- 
biological sense of these various terms. 


1 The combinatorial system 


The combinatorial system is first found in two complementary 
forms from the age of twelve: combining objects and combining 
judgments. In the case of objects, one can for instance give the 
child counters of 2, 3, 4, 5 etc., different colours and ask him to 
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combine them two by two in every possible way as if they were 
People going out for a walk in pairs and choosing a different 
companion each time. One finds that a child at the level of con- 
crete operations can achieve only a few combinations, proceeding 
by trial and error, while from the age of eleven, he proceeds in a 
Systematic fashion: 1-2, 1-3, 1-4, etc., 2-3, 2-4, 3-4, etc. He is 
naturally not asked to find the formula, i.e. to reflect on the 
combinations, but simply to find an exhaustive method, i.e. to 
realize them all. 

Another example, studied with G. Noelting,! consisted in 
giving the subjects four containers filled with colourless and 
odourless liquids and a burette (liquids 1, 3 and s together give a 
yellow colour, 4 is a bleaching agent and 2 is simply distilled 
Water). The child is shown (separately) the colour that can be 
Obtained and he is asked to reproduce it for himself. At the level 
of concrete operations, the child generally proceeds by incomplete 
pairs (1-2, 2-3, 3-4 and 4-5) or by mixing them all. At the age of 
fourteen or fifteen, he succeeds in realizing all the combinations 
and in determining that 1-3-5 give the colour, 4 bleaches and 
2 is neutral, The quantitative results are as follows: 


"TABLE 15 


Complete success (with proof) in the combination of 
liquids as %, of subjects (number of subjects given in brackets) 


"Ages 12 13 I4 15 16 


Elementary 
School 7-1 (42) 8:2(49) 1ir6(43) so (12) 


Secondary 
School 10 (ro) 12:5 (8) 18:8 (16) 42:1 (19) 66-6 (9) 


2 Propositional logic 


Tt therefore seems that the combinatorial system as applied to 
objects becomes generalized during this period. It is very inter- 
esting to note that propositional operations appearing at the same 
level of development, such as implication ( p implies q), disjunc- 
tion (either P, or q, or both), incompatibility (either p, or q, or 
Neither), €tc., do in fact derive directly from a combinatorial 


1 See Inhelder-Piaget, 1958. 
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system. In this they differ from the operations concerning classes 
and relations found at the preceding level. ‘Groupings’ of these 
consisted only in hierarchical inclusions or logical sequences 
along one or more dimensions but without a combinatorial 
system. It goes without saying that in order to check the com- 
binatorial character of emerging propositional operations, we shall 
not rest content with a logical analysis since this would prove 
nothing as to their psychological functioning. We shall on the 
contrary consider them from the functionalist standpoint, which 
gave one of us (Piaget) the inspiration for a series of experiments 
on the induction of physical laws.1 We shall ask ourselves how 
the adolescent reasons concerning these by comparison with a 
child who is still at the level of concrete operations. We shall then, 
in the functional context of responses to given stimuli, see the pre- 
adolescent and the adolescent combining their ideas, hypotheses 
or judgments as they combine the objects or causal factors in- 
volved. In so doing they are unwittingly using the combinatorial 
system which essentially characterizes what may be termed their 
propositional operations. 

In one of our experiments, the child is given all the necessary 
experimental material and asked to determine what causes 
variations in the frequency of oscillation of a pendulum. (The 
subject can vary the weights that are suspended, the length of the 
string, the amplitude of the oscillation and the initial impetus.) 
Alternatively, he can be asked to determine what causes variations 
in the flexibility of rods attached in a horizontal position. (In 
this case the subject can vary the length of the rods, their sub- 
stance, their thickness or the form of their cross-sections, ctc.) 
Two important differences are found between the reactions of the 
adolescent and that of the child. The child immediately goes into 
action and gropes without any system until he has found a hypo- 
thesis: he then verifies it by means of classifications, seriations an 
above all correspondences, in short all the concrete operations. 
The adolescent also makes a few attempts but then he pauses for 
thought and tries to draw up a list of possible hypotheses and only 
then does he proceed with verification. The second difference 
lies in the verification itself. In the child it consists in globa 
correspondences, without dissociation of factors. In the adoles- 
cent it assumes a new character which is all the more impressive 

1 See Inhelder and Piaget, 1958. For confirmations, see K. Lovell, 1961- 
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in that nothing of the kind is learnt in school. He tries to dissociate 
factors in order to vary them one by one, suppressing or neutral- 
izing the others according to the rule ‘all other things being equal’. 
For instance, in order to show that the length of the rods affects 
their flexibility, a child of nine compares a long thin rod with a 
Short thick rod. His reply to our immediate objection is that 
‘Like that, you can really see the difference.’ At fourteen to fifteen 
however, the subject carefully dissociates these two factors and 
explicitly states that unless this precaution is taken ‘it proves 
nothing’, 

. Dissociating factors and particularly interpreting facts accord- 
ing to the multiple relations between them supposes a combina- 
torial system since concrete operations are not sufficient. The 
Problem is the same in all cases, whether it is a question, as in the 
Pendulum experiment, of discovering that the length of the string 
alone plays a part and that the weights and the amplitude of the 
oscillation etc. are not significant, or of establishing, as in the flexi- 
bility experiment, that all the factors operate cumulatively. Let p 
be the affirmation of an action and ~ p its negation and let q be 
the affirmation of another action and ~ q its negation, etc. It is 
not enough to use a multiplicative matrix p . q, p. ~q, b. 
~P. ~q. One must use the sixteen possible combinations 
Tesulting from these four base associations: for example if p and q 
are always true together, or q without p, or neither p nor q, but p is 
never true without q, then p implies q; etc. The remarkable fact is 
that the subject, in his spontaneous language and naturally 
Without any reference to logic, uses all these combinations and 
makes them play an essential part in his reasoning. It is in this 
Sense that at the level of formal operations one can watch the 
ginning of a combinatorial system applied to ideas and judg- 

ments as well as to objects or factors. 
he combinatorial approach, however, does not appear 
Suddenly ex abrupto. The way is prepared for it by the multi- 
Plicative matrices that are found from the time of concrete 
Stoupings’. It results, also, from a generalization of the oper- 
ations of classification since it is only a classification of all the 
Classifications that are possible with # elements (in the same way 
as the Permutations that are achieved a little later constitute a 
Seriation of all the seriations that are possible with » elements). 
he Combinatorial system therefore constitutes a generalization of 
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the operations acquired at the stage of concrete operations. Their 
origin is thus clear for the generalization is itself brought about 
by functional activation of the hypothetico-deductive attitude. 


3 The group of the two reversibilities 

The same is true of the second characteristic new feature of 
formal operational structures: the INRC group or group of the 
two reversibilities (inversion N and reciprocity R; I being the 
null or ‘identical’ transformation and C the correlative or dual 
transformation, i.e. the inverse of the reciprocal). Here again, it 
is not from logic that we draw our inspiration since the curious 
fact is that logicians had not noticed the existence of this group 
of four transformations in propositional logic until we ourselves! 
came to infer it from the generalization of ‘groupings’, that is, 
from an analysis of the operational structures of real thought in 
its psychological development. It turned out that this general- 
ization of groupings in fact corresponds to what can be observed 
between the ages of twelve and fifteen, in the following way. 
There are some concrete ‘groupings’ (those of class) in which 
reversibility takes the form of inversion. This, composed with the 
direct operation gives the null operation: + A — A = o (adding 
a class then taking it away amounts to doing nothing). In other 
concrete 'groupings' (those of relation), the form of reversibility 
is reciprocity. This, composed with the direct operation leads to 
the suppression, not of an object or a class, but of a difference, so 
that it leads to equivalence: if a is the difference between A and B 
in the relation A — B, then + a — a = o, that is A = A. But 
no ‘grouping’ composes inversions with reciprocities. The two 
systems remain heterogeneous at the level of concrete operations. 
On the other hand, propositional operations arising from the 
combinatorial system always comprise an inverse N and 4 
reciprocal R. In this way, the implication p > q has as its inverse 
p. ~q (for example, when the adolescent observes in the expert 
ment quoted above that a heavier suspended object p does not 
modify the frequency of oscillation of the pendulum q, he con- 
cludes that it is false that weight is responsible for the modifi- 
cation and he therefore rejects the implication p > q). But the 
implication p > q has as its reciprocal q > p and if p  q an 

1 Piaget, 1950 and 1952. 
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q > p are both true then p = gq. Moreover, the inverse of q>p 
is ~ P. q, which is the correlative of p > q and the reciprocal 
of p. ~q. In short, we have NR C, NC R, RC — N and 
NRC — I, that is a group of four transformations (Klein's 
Vierergruppe) applied to propositional operations. One can see 
how as a result a general system of this kind constitutes the final 
synthesis of the partial systems or ‘groupings’ constructed during 
the stage of concrete operations. It does so because it brings to- 
gether in a single total organization the inversions and recipro- 
Cities that were until then separated. 

The INRC group, which the adolescent naturally never 
formulates, nonetheless plays a constant part in his reasoning 
(just as the Greeks continually handled the syllogism before 
Aristotle had attempted to codify it) This is the case in all 
Situations calling for the mutual co-ordination of inverses and 
reciprocals. Children of seven to eleven are at a loss in these 
Situations, We find this, for instance, in problems of double 
Systems of reference. Thus, when a snail moves about on a small 
board its movement in one direction! will be I and in the other 
N; but if one moves the board in an opposite direction from I 
Movement I will be cancelled (in relation to a point of reference 
on the table) not by N but by a reciprocal movement R inherent 
to the board. The inverse of R is C, correlative of I (and cumulat- 
'N§ With it). A child at the concrete level reasons correctly con- 
Cerning either I and N or R and C, but does not succeed in 
Co-ordinating the four transformations. From the age of 11 or 
12 however, anticipatory understanding is easy. 


# Action and reaction; proportions 


Another example? is that of hydrostatic equilibrium (see Fig. 2). 
In a U-shaped tube half filled with a liquid of varying density 
(water, alcohol, or glycerine), a piston is placed on one of the arms 
and loaded with variable weights. The subject is asked to antici- 
Pate the rise of the liquid in the other arm. Small children do not 
Understand action and reaction. Thus, they think that the weight 
of the liquid acts in the same direction as that of the piston. At the 


2 z a: " 

ati We are using the symbol I to represent the direct operation: it is an abbrevi- 
"On for Ix = direct operation x remaining identical. 

hese experiments (see Inhelder and Piaget 1958) have unfortunately not 


yet been Standardized by us but they have been standardized by Lovell, 196r. 
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level of propositional operations, however, the adolescent clearly 
distinguishes and correctly co-ordinates the action of the weights 
I or its inverse N (removing the weights), the reaction of the liquid 
R (as a function of its specific weight) which acts in the opposite 
direction from I and its inverse C (diminution of the weight, 
which acts in the same direction as I). 

This understanding of equilibrium goes hand in hand with 
that of proportions. On a lever balance, one can balance a weight 
either by putting the same weight at the same distance from 
the fulcrum, or by putting a smaller weight at a proportionally 
greater distance. By manipulating this apparatus, subjects succeed 
from the age of twelve or thirteen in understanding this propor- 
tionality, first in a qualitative way (‘it comes to the same whether 
you increase the weight or the distance") then in simple metrical 
forms. The qualitative reasoning of the subject proceeds directly 
from the INRC group, as I/R — C/N or IN — RC (e.g. increas- 
ing a weight is to decreasing a distance as increasing the distance 
is to decreasing the weight). 

In short, the action of the INRC group is shown by the develop- 
ment of a series of operational schemata. At first sight, one does 
not perceive the relationship between them for one sees nothing 
in common, without the analysis of inferential mechanisms, 
between a double system of geometrical references, a physical 
principle of action and reaction and the general notion of 
proportions. One also fails to see why they all develop at approxi- 
mately the same time. Together with the schemata arising directly 
out of the combinatorial system, they constitute a remarkably 
rich and coherent pattern which characterizes the logic of the 
pre-adolescent and particularly of the adolescent compared with 
that of children between the ages of 7 or 8 and 11 or 12. Above all, 
it shows how this logic manifests itself through general systems 
and not simply through particular modes of reasoning. 


6 General Interpretation 


function- 
ficance 0 


t briefly 


We hope that we have succeeded in showing both the 
ally natural character and fundamental genetic signi 
operational structures. By way of conclusion, we mus 
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indicate in what directions we can hope to find the explanation 
of these structures. Genetic explanations classically have recourse 
to three kinds of factors. In this connection we should simply like 
to point out—as is appropriate in a work of this nature—how 
far we are as yet from being able to grasp these factors at the level 
of positive verification. We believe that it is necessary, both 
neurologically and psychologically, to introduce a fourth factor 
and indeed this is increasingly being done. 


1 Maturation 


The maturation of the nervous system, first of all, very probably 
Plays a part in the sequence of operational constructions. 
McCulloch and Pitts have shown the existence of a certain iso- 
morphism between the 16 binary propositional operations of 
bivalent logic (those indicated in Section 5) and the interneuronal 
links which are governed by the same combinatorial pattern. 
But «) this does not mean that operational structures are all 
Preformed within the nervous system. The latter merely opens up 
Possibilities but the way in which they are actualized is not 
Predetermined and depends partly on experience and the social 
Environment, The great variation in the ages at which the various 
Stages appear depending on environment (pronounced average 
backwardness in Martinique and Haiti among schoolchildren, 
according to Canadian research now in progress) shows that 
Maturation is not the only factor; b) neurologists have not as yet 
Succeeded in supplying any stable indication of maturation 
Corresponding to our crucial ages of 7 to 8 and of 11 to 12. 
Although Grey Walter has been able to affirm the existence of 
Some kind of relationship between the evolution of E.E.Gs and 
that of our structures, this relation remains very global; c) the 

rain does not contain only hereditary connections but also a 
Considerable and increasing number of acquired connections that 


© not depend on maturation alone. 


? Acquired experience 
Secondly, it is possible to invoke acquired experience, which 
naturally plays a considerable part in the formation of operations. 


1 In Tanner-Inhelder, vol II, 1956, p. 149- 
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But the question is to discover how experience acts and what 
types of experiences play a part. 

a) With reference to the first point, one can think in terms of 
a learning mechanism but the experiments by Gréco, Morf, 
Smedslund, Wohlwill and Matalon (1959) have shown that 
logical structures can be successfully learned only if there is a 
sound basis of other, earlier structures and that any kind of 
learning itself supposes a basis of logic. P. Gréco discusses this 
problem in Chapter 25 of this work. In a general way, inter- 
pretation and utilization of experience are not based on an inter- 
play of associations which copy the relations between objects. 
The fact is that they rest essentially on an assimilation by which 
schemata are constructed. These schemata are the starting point 
for further structures (we shall have an example of this in a 
moment in connection with the schema of the permanent 
object); 

b) We believe that there are various types of experiences, 
despite the empiricist bias which reduces them to a single type, 
that of physical experience, and maintains that abstraction springs 
from objects. Now, since a number of logico-mathematical 
notions are drawn from experience (as is undoubtedly the case 
at pre-operational levels), we find as a result a non-physical, 
specifically logico-mathematical form of experience: it also con- 
sists in acting on objects, but the new knowledge to which it 
leads is abstracted not from the object itself, but from the actions 
of the subject as applied to the object. This happens, for instance, 
when a child of 5 to 6 discovers through experience that if he 
counts from left to right ten stones arranged in a line, he obtains 
the same sum as when he counts them from right to left or 1n 
cyclic order. He thus learns that the sum is independent of order 
(which is the general form of commutativity). But what he thus 
discovers is a property of his own actions of ordering and sum- 


and not a property of the stones, for these were without 


ming, iem 


order or sum before the child placed them in a line or a cir 
and then proceeded to count them; 

c) The outcome of this is that the origin of intellectual oper- 
ations is to be sought in the subject's actions and in the exper 
ences and lessons arising out of them. These experiences serve te 
show that such actions, in their most general co-ordinations, are 
always applicable to the object. To return to the example of the 
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notion of order (principle of seriations, etc.), it is clear that how- 
ever far one goes back (even to reflex organization) actions present 
an order of succession which is apparent in their most elementary 
Co-ordinations. It follows that even in cases where the subject 
discovers an already established order in a collection of objects, 
as when a baby notices the alignment of the bars of his cot, he 
has to touch them one by one or look at them in turn to make sure 
of it. In other words, he uses the order of his actions of explor- 
ation to establish the order of the objects. This is why D. 
Berlyne (1960), when studying the acquisition of the notion of 
order from the standpoint of behaviour theory, reached the con- 
clusion that it implies a ‘counter’. We ourselves would prefer to 
call it ‘ordinating activity’ (such activity being the source of 
future Operations of order). 

d) We must therefore go back as far as sensori-motor activities 
to find the source of operations. What is remarkable is that one 
Observes in infants from the age of 9-10 months to 16-18 months 
an early form of the notions both of conservation and of reversi- 
bility. On the one hand, the infant does not innately possess the 
Schema of the permanent object (initially there is complete ab- 
Sence of any attempt to find objects outside the perceptual field) 
and he is obliged to construct it step by step according to a num- 

er of Stages.! The permanent object is the first of the structures 
of Conservation and it appears 6 or 7 years before the others 
Precisely because there is no change of shape (except perceptu- 
ally), but only of position. On the other hand, and because of 
these Changes of position, the construction of the schema of the 
Permanent object goes hand in hand with an organization of 
displacements and positions according to a 'group' structure, 
With reversibility (returning to the point of departure) and 
associativity’ (detours). The only difference between this schema 
and operational structures is that naturally it does not yet include 
any overall representation of trajectories, but only a sequence of 
Successive actions co-ordinated from one to the next on the basis 
of Perceptual cues. These two examples nevertheless show quite 
Clearly how probable it is that operations are sensori-motor in 


1 : F r 3 
hi These Stages have been described by one of us (Piaget) in connection Kin 
a Own three children. They were also observed (and found to par in the 

me order) by T. Gouin-Decarie when he administered standardized tests to 
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origin. Thus, the assimilatory and schematic character of co- 
ordinations of actions heralds that of operational structures. 


3 Language and social transmission 


A third important factor which is traditionally put forward in 
explaining development is the notion of social factors and particu- 
larly of language. There is no doubt that these factors are neces- 
sary to the attainment of operational structures, especially at the 
level of propositional or formal operations. Nevertheless, they 
cannot be regarded as the fountain-head of operations, for the 
following reasons: 

a) First one finds, where language is concerned, that the usual 
operational structures (classification, seriation, etc.) are present 
in deaf-mutes, although they develop more slowly (Oléron, 
Vincent, etc.). It is probable that these subjects possess the sym- 
bolic function and a sign language leading to often quite ad- 
vanced social collaboration. However the absence of an articulate 
and imposed language clearly shows that operations are not trans- 
mitted from outside through education alone. Second, when one 
studies speech disorders in children, as one of us (Inhelder) 
is at present doing with J. de Ajuriaguerra, one finds no clear-cut 
correlation between these disorders and the development of 
operations. In some cases, these are well ahead of linguistic 
attainment, in other cases it is the reverse. 

b) In order to understand a logical structure expressed by 
language (of which an example can be found in Section 3, 7 
dealing with ‘all’ and ‘some’), the subject requires an instrument 
of assimilation which takes in the essential aspects of the structur® 
failing which he cannot assimilate it. It is striking to observe that 
until propositional operations appear (at the age of 11 or 12^ 
operational development is ahead of its verbal expression. 1e 
whole stage of ‘concrete’ operations is a proof of this and shows 
that operational structures are more closely linked with Co 
ordinations of actions than with their own verbalization. " 

c) Social exchange is nonetheless necessary for the elabor 
ation of operational structures, but in the form of co-operati?. 
rather than imposed transmission. In analysing the mechanis 
of social exchange, one finds a system of operations: reciprocit s 
unions, intersections, negations, etc. In this respect exchang 
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in a literal sense a system of co-operations. This means that 
operations are in origin neither social nor individual in the ex- 
clusive sense of these terms. Rather do they express the most 
general co-ordinations of actions, whether these are carried out 
in common or in the course of individual adaptations. 


1 Equilibration 


These few remarks help to show that in trying to account for 
the development of operations, one is obliged to bring in a fourth 
factor implied by each of the others yet having an originality of 
its own. This fourth factor is equilibration. 

a) Let us begin by noting that although operations are derived 
from actions and from their co-ordinations (see 2, b — d), one 
cannot conclude from this that they are pre-formed or fully 
developed from the beginning. They are subject to continual 
elaboration because abstraction from actions is not the same as 
abstraction from objects. The latter tries to reach a datum and to 
dissociate it from all other perceived characteristics. The former, 
On the other hand, is ‘reflective’, in both senses of the term, 
because in order to attain a link that is unconsciously contained 
1n an action, it must be projected (or reflected in the physical 
Sense) on to a new plane, that of representation or consciousness 
(with reflection in the mental sense). Reflective abstraction is 
thus necessarily constructive in that it reconstructs and at the 
Same time broadens and enriches the elementary structure given 
In the action. An example of this is the difficulty experienced by 
Small children in picturing the journey from home to school or 
Vice versa, although they make the journey by themselves every 
day (reconstruction of a practical ‘group’ of displacement into a 
Tepresentational ‘group’). 

) Reflective Eus and constructions of this kind do 
Rot have a speculative function, however, and nothing. could be 
further from the truth than an intellectualist interpretation of the 
development of operations. Their true character lies in trans- 
Orming situations and objects, and thus in acting on the world. 

"ch transformations arise, in effect, only in the presence of 
Problems, gaps, conflicts, ie. states of disequilibrium. The 
Operational solution consists in reacting to restore equilibrium. 


his has been observed by many authors writing in various 
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languages and when Wallon, for example, stressed the part 
played by crises in development, and the dialectics required to 
overcome them (in the sphere mainly of affectivity and of the 
development of personality), he was expressing the same idea 
and emphasizing the necessary role of states of disequilibrium 
and of equilibration. 

c) In the sphere of intellectual operations, the notion of 
equilibrium is particularly enlightening, since it is characterized 
by compensation: the equilibrium of intelligence is not a state of 
rest but a ‘mobile equilibrium’. This means that a subject faced 
with external disturbances tends to compensate these by trans- 
formations oriented in the opposite direction. here are two 
consequences of this. The first is that equilibration leads function- 
ally to reversibility which is the fundamental property of oper- 
ational structures. The second is that seen in this light operations 
constitute the higher forms of the regulations found at all stages. 
The term ‘higher’ merely means that operations attain complete 
reversibility whereas the regulations found at earlier levels are 
content with approximate compensations. 

d) Translating the development of operations into terms of 
equilibration is not merely of functionalist interest. It is probably 
the best introduction to their interpretation from the neuro- 
logical and mechanico-physiological standpoints. To explain the 
origin of adaptive behaviours, W. R. Ashby (1960) suggests that 
the brain should be conceived as functioning like a homeostat. 
This is not merely a verbal comparison for the distinctive feature 
of the mechanical models that have been constructed (such as the 
famous homeostat to which Ashby himself gave his name) 19 
precisely that they comprise operational structures, combine 
with a system of probabilities of connections. These early 
models do not include intermediate stages of equilibrium (thus 
when the solution has not been found, the machine begins again 
at zero). However, S. Papert (1963) has evolved mathematically 
a model closer to genetic data, the ‘genetron’. It is closer in that 
equilibration is achieved in stages so that a particular level 0 
equilibrium must be reached at each stage before it can proceë 
to the new operational combinations of the next. 
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Chapter 25 


Learning and Intellectual Structures 


Pierre Gréco 


I Introduction 


This chapter, whic 


»voted to 
h follows several others expressly devote 
learning (V. 


am res 
olume 4) and to intellectual activities or aie in 
hapters 22 and 24 above), is not intended merely as an npe yet 
€ account of the various findings in each of these fields, There 
as a statement of where they agree and where they ud ae The 
are two reasons at least against proceeding on those lin "'over- 
first is that the literature on the subject appears yo] 
abundant and disparate or else singularly restricted, occidi. 
on whether the problem is defined in a broad ora d etm. is 
fashion. 'The second reason, which probably explains wd oed 
that the questions Which can be asked concerning the ‘bk less 
between intellectual structures and learning are pem ciet 
a matter of experimental decision than of viewpoint pee ae of 
lation, Indeed, we shall continually come across a riology) 
psychological conceptualization (and not only of cri x finally 
Which sixty years of experimental research have not y 
elucidated. n 

When authors of technical dictionaries and ce wf 
PSychology attempt to give generally acceptable ^ romptly 
terms such as ‘learning’, ‘thinking’, ‘intelligence jt baci nor 
add a warning that such definitions are neither clipei have not 
conceptually adequate since they make use of eid s are due less 
been defined. They also point out that the difficultie 


i underlying 
to semantics than to the fact that there are various 
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capias Hilgard, 1956, pp. 3 and 6; Estes et alia, 1954, P- 
us e e big American handbooks which are not the work of 
"m ^us and which aimat being eclectic, give in to usage by calling 
V wa idee Learning and another Thinking. At the same time, 
wilde an ogize to the reader for this distribution of subject matter, 
akon oes not rest on any theoretical basis or any precise oper- 
kde criterion. And it is definitely to the theories rather than 
Sent meer facts that they refer us. This is true of Wood- 
by T dgio cns and of the handbook on methodology edited 
lation G. Andrews, both of which are widely available in trans- 
in France. 
se the wording of a question, while conveying a general 
Which d may in fact denote very different lines of investigation in 
sant. he same words may not have the same connotations or 
wheth ance, For instance the question may be one of determining 
Highs er there is continuity in the scale of behaviour between the 
the T adaptations which are commonly termed intelligent and 
Babe E adjustments which are arrived at by way of 
> ea and trial and error. This is the question raised by 
pho s Anglo-Saxon behaviourism and the comparative 
Degatiy ogy of Henri Piéron. Unfortunately, their common 
ouem EM in no way implies any profound agreement 
tie n them. Alternatively, the question may consist in asking 
cani fundamental organization of intelligent behaviours 
fion. rom the mere apprehension of relations to the abstract 
ies ing of verbal thought differs, by a peculiar structure, 
lis © organization of learning in general or of perception. 
ge a which is not to be confused with the first, was 
faisant d the Gestalttheorie. Or again, there is the question, 
solvin y the functionalists, which seeks to determine whether 
TAR doppi thinking’ problems proceeds according to 
through aws and along different lines from learning a path 
aves. a maze or a regular sequence of events. Yet another 
Mee, raised by J. Piaget, consists 1n asking whether the 
nte «e ur the successive structures of intelligence in the course 
ks ne s development, is to be explained by the recognized 

+ learning in the strict sense (i.e. associative learning). 
ae € very diversity of these questions shows how naive it would 
O ask at the outset whether intellectual structures can be 


te : s 
duced to the mechanisms of learning (or of behaviour in general, 
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in view of the fact that in American twentieth-century a 
learning and behaviour have become practically e nee h 
It would be equally naïve to ask whether they are formed a 
the action of such mechanisms or whether they are ers 
radically opposed in both origin and development. Even pui 
who have subscribed to one or the other of theg cani Bm of 
have done so less by virtue of experimental evidence tha io 
theoretical elaborations and models which are in fact met 
conjectural. The data so far gathered in the laboratory are tie 
often heterogeneous than contradictory. Thus, they are obtained 
ally being reinterpreted after having been selected or o mean 
from predetermined standpoints. ‘Standpoint’ does not s that 
doctrinal prejudice or philosophical bias but the fact reme ;; thé 
we must first of all consider the way in which an author bo nto 
problem and his method before assessing his results in relatio 
them. 11 take 
It is for this reason that despite academic usage we sha fixe 
Care not to put forward at the beginning of this study pae t 
definitions of the concepts under discussion. Were we to ? as it 
definitions that were too vague, we should gain — M an 
would immediately be necessary to make them more spec! m too 
to call them in question. On the other hand, if we made T no 
strict, this would tend to prejudice our answers. There en 
doubt that in defining intelligence as 'the capacity to ie o 
according to the laws of logic’ (Marbe, 1901) or as the won 
'sudden comprehension’ as opposed to groping (K. in new 
1922), or again as the capacity for '(mental) adaptation to is 
situations’ (Stern and Claparéde) one has ipso facto if not P es a 
the problem in advance at least strongly oriented the suco t 
solution. The giving of unambiguous definitions should B data 
fore be regarded as a goal to be reached after studying the 
and not as the necessary starting point of our enquiry. 


2 ‘Intuition’ and groping 


| : is da 
It was long thought—and the conviction survives peers] 
among authors who profess to deny it—that the obs 


insi; : iteri or dis- 
phenomenon of insight provided an adequate criterion fi 
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ünguishing between learning in the narrow sense (that is, the 
bot nes of new forms of behaviour by a series of trials in- 
olving the progressive elimination of errors) and intelligence 
a fir considered as the ability to resolve a problem 
Pure lately through a sudden and original reorganization or 
cturization of situations or responses). It would be unjust to 
attribute to W. Kóhler, despite his evident responsibility in the 
matter, so categorical a view and so terse a formulation. The con- 
a Bei can only be understood within the general frame- 
eon the theory of Form, which isa theory of behaviour 
2m I and not an intellectualist theory in the generally 
ie à ed sense. A brief historical survey will serve to show in 
be ee of problems the debate on insight and groping 
ame we shall give to learning by trial and error) was origin- 

ally opened. 


1 NT " . 
Learning through ‘trial and error and learning through ‘ideas’ 


ee in 1894 C. Lloyd Morgan put forward his now famous 
was Ru on his fox-terrier and other animals, his intention 
sim ^ show how animal behaviour can be explained by very 
me mechanisms: progressive elimination of errors and con- 
3 ation of correct responses by the effect of repetition alone. 
ae, Was no need to presuppose in animals any faculty of judg- 
litus or reasoning. But, at the beginning of the century, Hob- 
"ria sd situations that have since become classic: the 
choose had to obtain an inaccessible bait by pulling a string, oF 
onet within a given lapse of time between three strings of which 
ie had been tied to a piece of meat before his very eyes, etc. 
jio. Sear, which were admittedly not very systematic, led 
of « 9 conclude that animals (dogs in this instance) were capable 
observing’ and of ‘understanding’ immediately, without 
Se groping, certain causal sequences of events involving 
hare relations of means to end (Hobhouse, 1901). Hobhouse 
in crore thought that it was necessary to recognize 1n animals, 
‘ addition to learning processes, a true intelligence, made up of 
m ae ideas', themselves defined as 'a combination of efforts 
: 1 ect a definite change in the perceived object’. The techniques 
nd also the expression of the results of this now forgotten pre- 


c us 
ursor foreshadow, as we can see, the work of Kóhler. 
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inst Hob- 
E. Thorndike later sided with Lloyd Morgan a in 
house. Thorndike had been studying P of this pro- 
animals since 1898. In order to show the genera roblem-solving 
cess throughout behaviour, he began to study P (dogs mostly, 
in connection with puzzle boxes. The — inside a box 
but also cats, monkeys and even fish) were + instance to 
fitted with an appropriate mechanism and ha dike later note 
Press a button to escape or to obtain food. Thorn x us here? are 
his conclusions in a monograph. Those that "i as reasoning: 
that animals are not capable of higher processes € ‘discover’ the 
The great majority of observed subjects a S time taken to 
Solution to the Problem. All that happens is that t the next an 
release the mechanism decreases from one trial to s diminishes 
the number of unnecessary movements and Se vocabulary 
Slowly and irregularly. According to the Mene the problem 
of the period, animal intelligence is unable to solv of stamping 5 
by ‘catching on’. It is subject to the mechanisms out (elimin- 
(establishment of Correct responses) and stamping clearly anti- 
ation of errors) (Thorndike, 1911). These a reted in tw 
intellectualist conclusions but they can be m on to mean 
Ways. For instance, Thorndike’s results scp ap “cal an 
that animals are incapable of intelligence, in of behaviour 
exalted sense of the term, and that the only type ning through 
open to them as a means of problem-solving ce was to 
groping. Alternatively, it could be, as Thorndil e theorists have 
Stress, especially after 1930, and as many ue roping is the 
always maintained, that these results suggest tha E vingand that 
Characteristic and fundamental Wie I o a ae her plane, 
so-called ‘intellectual’ activities, while situated iiem dh 1949)" 
do not proceed any differently (cf. Thorndike, 1932, 


2 The notion of ‘insight’ and Gestalt views 

W. Kóhler in his stu 

interpretations, The r 

ever, had been to acc 
! We ne cularl k: 

learning (1 » effect, etc.) which he set out particu ing, New d 

volume of his Educationa in Chapter 12 of this 

Teachers College, 1913) and which are reported in Cha 

(Volume 4). 
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a discontinuity between learning and intelligence or, more exactly, 
between animal and human intelligence. While W. S. Small was 
at the turn of the century studying progressive learning in rats 
and J. B. Watson was towards 1911 repeating Thorndike’s 
experiments on which he was later to found behaviourism, the 
American psychologist A. J. Kinnaman was studying learning 
curves in Macaco rhesus monkeys. He noted at times swift and 
sudden Progress and supposed without as yet being able to put 
forward any facts to support his hypothesis! that human learn- 
ing is fundamentally distinct from animal learning by virtue of 
Me Sudden discovery of the solution (Kinnaman, 1902); this 
Insight (although it was not yet called by that name) was for 
Innaman the sign of intelligence. The generic term of ‘learning’ 
fhug came to embrace two very distinct types or levels of be- 
AVIOUr: groping and intuition. Similar views can be found in 
Karl Bühler. He believed that the Aka-Erlebnis of the higher 
Apes was the operational criterion of intelligence which he 
regarded as a sui generis level of behaviour and adaptation, 
distinct from habit and instinct (cf. Bühler, 1922). Claparéde and 
Binet upheld similar views. The discussion then centred on 
Broping which is normally the first stage in problem-solving. Is 
it an integral part of the intellectual act (in which case inductive 
hypotheses constitute the highest form of intelligent groping) 
9r does it merely precede and prepare the intuitive appearance 
of the Aha? In either case there is a marked gap between habit 
(or learning) and intelligence, even though it no longer coincides 
With the distinction between man and animals. Let us recall, 
Owever, the contribution made by Boutan in 1914. He confirmed 
mh distinction through his genetic and comparative study of 
chimpanzees and young children and attributed to language the 
Original intellectual progress of which the child shows himself 
capable from the third year onwards. 
The Gestalt conception dismisses these problems as fictitious. 
he fundamental experiments of Kéhler are well known and are 
referred to in other chapters.? Let us for the moment see what 


* Kinnaman used a lock device, which could only be unlocked by a fixed 
Sequence of movements. He found that the solution was suddenly discovered by 
adults after one or two exploratory attempts. Monkeys on the other hand learned 
the order of movements only after a succession of attempts during which un- 
Decessary gestures were gradually eliminated. 


? Cf. Chapter 12 (Volume 4) and above, Chapter 22, p. 10. 
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they contribute from the conceptual angle. 1) Einsicht or Insight, 
of which the operational criterion is the sudden discovery of 
the solution (or the sudden drop to zero of curves of error in 
learning situations) is probably the sign of an activity that 
could well be called intelligent. But 2) this activity is nothing 
more than the restructurization into a ‘good form’ (as defined by 
its laws of equilibrium) of the field data which are at first appre- 
hended in part or in isolation. In this sense, intellectual structur- 
ization continues, and goes beyond, the structurization which 
operates at the level of perception or elementary motor activity. 
(According to Kóhler the laws of the Gestalt are isomorphous 
with the laws of equilibrium applying to fields of physical forces 
and structure is therefore a completely general concept). It 
follows that 3) learning can be considered as a set of successive 
restructurizations. The limit is set not by limitations in the 
structuring ability of the organism, but by the limits of the field 
itself.? Learning and understanding do not correspond to two 
processes of different levels or nature. They both follow the same 
laws of structural organization. The Gestalttheorie is monistic in 
nature. 

Thus, in Kóhler's eyes—if not in those of all his Berlin disciples 
or in particular of all his American disciples—the structurization 
betokened by insight is not finally the mark of true ‘thinking’ nor 
even the exclusive privilege of higher organisms. Its behavioural 
significance is thus very different, in this respect, from the Aha 
of Karl Bühler in spite of only too apparent analogies. Groping 
according to Kóhler is the characteristic procedure of an organ- 
ism which explores the data within a field that is originally ill 
structured and if the regularly decreasing curves of trial and 
error really do indicate learning it is only where the problem to 
be solved exceeds, temporarily or finally, the structural capacities 
of the organism.? 'To construct an associationist theory of be- 

1 In the same way that a single integrating system can continue, and go 


beyond, multi-systems (except that Kóhler's conception, while ‘physicalist’ in a 
precise sense, was never probabilistic). 
,* We must admit that we do not ourselves fully understand this subtle 
distinction which has nevertheless always been upheld by orthodox Gestaltists. 
3 To speak here of ‘structuring’ capacities would not be true to the spirit of 
the classical Gestalttheorie. Structures are present in behaviour as in the object; 
but it is not the subject's activity which imposes them on the data. They are 
objective: their discovery is due to observation or at most to assimilation and it 
is only in this sense that they are related to the subject. 
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haviour on the basis of associative learning is to take as a model of 
behaviour a particular case of acquisition-habituation or even a 
laboratory artifact (Köhler, 1925, Jntr.; 1941; cf. also Koffka, 
1935). 

It is a remarkable fact that in a fairly recent work on the 
Gestalttheorie—a work that is admittedly highly schematic but 
at the same time systematic and orthodox—the term insight is 
used only in a non-technical descriptive sense. It is not given in 
the index as a separate notion and thus seems relegated to the 
metalanguage of the theory (Katz, 1950). The fundamental 
concepts of the theory of Form refer to structures as types of 
organization and not as signs or products of intelligence. The 
experimental fact which plays a vital role in this system is really 
that of transposition. Since the time of von Ehrenfels it has been 
the basic criterion of the existence of perceptual *forms'. We shall 
have occasion to return to it in detail a little later.! : 

The fact remains that Gestalt findings and interpretations can 
be pulled and twisted in two different directions. One can for 
Instance find in them essentially a condemnation of associationist 
empiricism; one will accordingly regard structurization as an 
essentially cognitive element and try to bring out in various 
learning situations the existence and role of these cognitive 
Structures as against mere stamping in and stamping out. Altern- 
atively, one can adhere to the idea of a total continuity, at once 
functional and structural, between the lower and the higher levels 
of adaptation. Thereafter, the possibility of reducing elementary 

ehaviours to the operation of simpler and more ‘objectifiable 
Mechanisms than the Gestalt concept, and in particular to 
Mechanisms of conditioning and association may seem to imply 
the complete reducibility of intelligence to these mechanisms. 
There has been no lack of psychologists ready to follow one or 


t 
he other of these two paths. 


3 oe " . di 
Cognitive structures in animal learning 


The fact that the Gestalttheorie goes beyond the old debate 

tween intelligence and habit does not mean that the problem of 
earning and of intellectual structures is thus disposed of. On the 
Contrary it seems that the divorce between them became more 


1 See below, p- 222- T 
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spectacular for a time. Anglo-Saxon associationism—undoubtedly 
stimulated by Pavlovian physiology of conditioning (however 
badly interpreted it may have been as it spread in the United 
States after a time-lag due to delays in translation)—progressed 
and became increasingly rigorous. Guthrie's contiguity theory 
carried on Thorndike’s ‘connectionism’ by rejecting the law of 
effect and adhering particularly to the first type of learning 
recognized by Thorndike, learning through ‘shifting’ of responses. 
Skinner, on the other hand, laid stress on the second type, 
instrumental learning or operant conditioning. Hull's systematic 
behaviourism is openly and rigorously ‘mechanistic’. We do not 
propose to give an account of this era of great theories, as such an 
account can be found elsewhere,’ but simply to note their common 
orientation. The problem as they see it no longer consists in 
deciding between learning and intelligence for example. The aim 
of the behaviourists is to elaborate a general theory of behaviour, 
of how it is produced and to what diachronic or synchronic 
changes it is subject. Learning situations are, operationally 
speaking, the simplest to realize and to manipulate rigorously. 
The task is the same as in every sound positive science: to assemble 
the facts, measure them as accurately as possible, establish laws, 
construct theories based on these laws, and validate the theory 
by confirming the predictions that it warrants and by showing that 
it is possible to derive from the theory an explanation of those more 
complex types of behaviour which cannot be studied directly in any 
rigorous fashion. All the authors concerned have clearly stated 
this intention,® which from the epistemological standpoint might 
well justify preliminary discussion. 

At the same time, other authors who have since somewhat 
cursorily been lumped together under the disparaging label of 
‘mentalists’ tried, successfully as they thought, to find in animal 
learning not only the existence of structures irreducible to the 
play of associations but also evidence of a truly intellectual 
activity or at least an activity that could be directly assimilated to 
behaviour normally considered as intellectual. The monograph 
by N. R. F. Maier published in 1929 in Comparative Psychology 

1 Chapter 12 (Volume 4). 


. ? See for example, Hilgard, 1956, pp. 1 
ibid., pp. 8-13. 


* A number of possible themes for criticism have been suggested apropos of 


genetic problems in a note on 'Learning and Development’ (P. Gréco, 1959 c). 
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is unhesitatingly entitled *Reasoning in white rats' and the article 
by Krechevsky which appeared three years later in the Psycho- 
logical Review is called * *Hypotheses"—in inverted commas 
this time—in rats' (Krechevsky, 1932). Before pausing to discuss 
a few significant examples, let us bring out the various aspects of 
this trend of interpretation. 

_ Three themes, variously exploited by their authors and not 
implying one another, can be distinguished: 1) acquired be- 
haviours, provided that the tasks which are set are not too simple, 
make up configurations or structures of behaviour, directly 
transposable to new situations and not reducible to a sum (even 
àn ordered sum) of successive responses. This is merely another 
manifestation, more or less systematic, of Gestalt notions. We 
Shall not return to them directly except to discuss them in 
Section s, 2) acquisition is itself relative to pre-existing behaviour 
Structures, This idea is probably a little too general. It cannot be 
an embarrassment to anyone, as these pre-existing structures can 
be considered as the product of previous learning; 3) finally we 
have what is probably the most central and the most debatable 
idea, which is that learned structures, as well as the instruments 
of acquisition, are cognitive in nature. 

It is true that formulated in this way the third idea does not 
Commit one any more than the second, since it is always possible 
to take ‘cognition’ in a wide enough sense to include the most 
elementary forms of adaptation. However, a controversy has 
Indeed developed around the ‘habits—cognition’ dilemma. The 
following example will show the true significance that this 
Perationally-not-very-clear distinction can have when applied 
to facts, i 


# “Inferential expectation’ : The experiment by Tolman and Honzik 


Tolman and Honzik reported in 1930 an experiment which has 


remained a classic despite the many reservations or objections 
that have since been made by various experimenters and theorists. 
is experiment tends to demonstrate, in opposition to Hull, the 
part played in learning by ‘cognitive structures’ represented in 
I$ instance by a certain form of spatial organization. Learning 
© Correct way through a maze does not involve merely prin- 
“Iples of reinforcement. What is learned is not only a ir 
21 


Pierre Gréco 


of hierarchised responses but a cognitive map which enables 
the animal to make immediate inferences when confronted with 
new situations. The experiment by Tolman and Honzik shows 
that it is possible for rats, after ordinary learning, to reorganize 
spontaneously (i.e. without relearning) their maze-running be- 
haviour in a situation where they choose a solution which does 
not depend on the probability of previously learned behaviour. 
That is why it is often quoted as a test of insight and reasoning. 
Analytical behaviourism confines itself, as we shall later see, to 
the terms ‘assembly of behaviour segments’. Tolman, for his 
part, spoke of ‘inferential expectation’. 

The apparatus consists in an elevated maze (i.e. one in which 
the runways are formed by little strips of wood laid edgewise!). 
Figure 1 (left-hand drawing) shows the plan view. It can be seen 
that three paths of unequal length, numbered 1, 2 and 3 in 
order of increasing length, lead from the starting-point to the 
food-goal. Paths 1 and 2 have a common final section, which is not 
common to path 3. Fifteen rats were used as subjects. 

During the preliminary training period, it was first observed 
that when all the paths were left open, the rats quickly adopted 
path 1, the most direct and the shortest. This path was then 
blocked at A. The subjects went as far as the block, retraced to 
the intersection x and followed path 2 right to the goal! (In 
actual fact, they began by choosing either 2 or 3 but very quickly 
learned to prefer path 2 which was shorter.) Finally, they were 
made to learn 3. This was done by simultaneously blocking 
1 (at A) and 2 (at C). This preliminary training served a double 
purpose. It allowed the rats to explore the whole of the maze and 
to establish a preferential order of choice between the three 
paths: 1 > 2 > 3 according to the classical laws of reinforce- 
ment. 

The next stage was the test situation in which the blocks at 
A and C were removed and a new block was placed at B. The 
rats were placed in the starting position and began by following 
path r. They came up against B and went back to x, whereupon 
fourteen of them (out of fifteen) immediately chose path 3 
which was the right one and not path 2 despite the fact that it 
was ‘preferred’ to 3 in the course of the preliminary training. It 
is as if during the training the rats had learned that paths 1 and 2 


M Translator’s Note: The runways are in fact 30 inches above the floor. 
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had a common section and as if they immediately ‘understood’, 
during the test situation, that B blocks this common section and 
that it is therefore useless to try path 2. One sees how it is possible 
to speak of reasoning or inferential expectation (the obstruction of 
I by B, on the section that is common to 1 and 2, ‘implies’ the 
obstruction of 2) and also of insight. 


Food box Food 
box 


Starting 
box 


—| Starting 
box 


Fig. 1 Mazes USED TO STUDY INSIGHT IN Rats 
Left: Maze used by Tolman and Honzik (1930); right: maze adapted by 
ove and Thompson (1943), in which instances of insight are less 
Tequent and more open to question. In both figures there is a starting 
x and a food box which is of course the goal; 1, 2, 3 designate the various 
Es ui A and B are the blocks used to bar the paths; G = gate; x: choice 
oint, 


5 Control experiments and discussions 


This experiment which at first sight appears so conclusive in fact 
Teveals itself as somewhat insubstantial. From the theoretical 
Standpoint first of all (to which we shall come back later, in con- 
Dection with Maier’s experiments as reinterpreted by Hull), it 
38 clear that one could go on indefinitely discussing precisely 
"hat is learned and reinforced during preliminary training and 


1 See below, p. 219- 
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later inhibited when the animal comes up against the block at 
B. Tolman assumes that learning reinforcements globally affect 
the use of paths 1, 2 and 3 whereas one can probably analyse 
the corresponding chains of behaviour and assign the reinforce- 
ments in various ways to the elements of these chains, for in- 
stance to partial responses such as ‘turn left’, ‘turn right’, etc. 
The principle of goal gradient, which is often open to flexible 
interpretation, can be drawn upon to explain the fact that the 
block at B simultaneously inhibits the use of paths r and 2, 
so that the hypothesis of inferential expectation becomes un- 
necessary. Finally one can always speak of ‘mediatory responses’ 
but this merely postpones the problem for if as ‘responses’ they 
respect the unity of the S—R schema then their mediatory 
function must be explained in addition to their origin. 

Even from the experimental standpoint, the results obtained by 
Tolman and Honzik are far from being as constant and as general 
as one might think. In their original research, these two authors 
had themselves observed that instances of insight are less frequent 
and less clear if one simply adds vertical walls to the paths of the 
maze. Other authors such as Evans (1936), Harsh (1937) or Kuo 
(1937) obtained the same results as Tolman when proceeding in 
exactly the same conditions but they pointed out that insight and 
‘inferences’ are liable to disappear as soon as onc alters the appar- 
atus, however slightly (for instance, altering the width of the 
pathways). It therefore seems that the cognitive structures (if 
indeed they are still worthy of the name) remain closely tied to 
the objective properties of the particular stimuli. 

An experiment designed to control that of Tolman and Honzik 
was made by Dove and Thompson with decisive results. They 
blocked the paths with transparent celluloid doors which were 
hinged at the top so that they could be locked or unlocked at 
will (by the experimenter). In these conditions, they found that 
insight is no longer the general rule. Animals which have just 
learned the three paths cannot know at the time of the test situ- 
ations whether the door is locked and thus whether path 1 is 
practicable or not. On the first run, only two subjects out of 
eleven spontaneously chose path 3 when path 1 was blocked; 
nine succeeded only on the second run, thus after having once 
tried path 2. On the third run, however, all subjects were success- 


ful. Not convinced by this result, Dove and Thompson altered 
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the plan of the maze (see Fig. I, diagram on the right). Path 2 no 
longer enters path 1 at a right angle and the block at B is nearer 
the intersection of 2 and 1. Out of the twenty-six rats studied, 
not one chose path 3 on the first run in the test situation and only 
ten succeeded in doing so on the third run. Finally, when they 
used as obstacles blocks on which were painted parallel black 
lines, clearly visible from the choice point, they no longer found 
any insight in favour of path 3 during the three successive trials 
of the test (Dove and 'Thompson, 1943). The interpretation that 
they put forward stresses that the choices made by the animals 
are not the product of ‘inferences’, which should be more general 
in character, but of the evocation or inhibition of partial antici- 
Patory responses, such as turning to the left or to the right, with- 
out reference to an overall ‘map’ of the maze. 


6 ‘Cognitive’ and behaviourist formulations 


The facts presented by Dove and Thompson attack ‘cognitive’ 
interpretations on their own experimental ground. But in a more 
general way so-called ‘inferential’ behaviour in animals can be 
interpreted in strict behaviourist fashion within the framework 
of an S-R theory for example. Hull (1935) demonstrated this in 
a subtle way in his discussion of an explanatory diagram by 
N. R. F. Maier. Maier published many experiments on learning 
(Maier, 1929; 1931) in which one sees white rats assembling 
Separately acquired behaviour segments into an intelligent 
organization which Maier interpreted as true ‘reasoning + The 
example chosen and diagrammatically represented by Hull in his 
critique is shown below (Fig. 2). ; 

The apparatus kun Re boxes or platforms, linked by 
Paths, and quite distinct in shape and in the texture of the floor 
(in view of the rat’s tactile sensibility). 5, the starting box has for 
instance a rubber floor; D1, where the rats find water, has a 
metal floor that is cold and rough; F, where he finds food, is 
covered with floss silk and D2, where he finds drink as in D1, 
has a polished and warm metal floor. — 

Preliminary training consists in blocking each cr a a 
Necessary paths! so that the animals may learn successively pat 

‘It is important that each behaviour segment should be acquired in an 


Unambiguous fashion and without any question of preferential choice. sh 
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(or sequence) I (from S to F to find food), II (from Dr to F for 
the same reward), III (from S to Dr to find drink) and IV (from 
S to D2 for the same reward). To make the test situation valid, 


Fig.2 Dracrammaric REPRESENTATION OF 
Mater’s EXPERIMENT AS RE-INTERPRETED BY HULL 
(After Hull, 1935) 
S: Starting box; Dr and D2 enclosed boxes containing drink; F enclosed 
box containing food. 
I, II, III, IV: paths that are successively or simultaneously open. x shows 
the position of the barrier during the final test situation. 


it is necessary at this point that Sequences III and IV which 
both lead to drink should be reinforced in identical fashion or 
more precisely, as Hull himself expressed it, that the force of the 
habit sHr Corresponding to sequence III should be equal to that 
Which corresponds to sequence IV. This can be checked by 
placing a thirsty rat in S and verifying that he goes with equal 
probability towards either Dr or D2, when I is blocked. Let us 
now place a hungry animal in S barring only path I which leads 
directly to the food. Maier observed in this case and in many 
other similar cases a marked preference (though not a systematic 
one),* for sequence III which alone leads to F via Dr. There 
would thus be an assembly of sequences III and II in a spon- 


1 It would be pleasing to suppose that a hungry animal looks for food and a 
thirsty animal for drink. Things are not so simple, however. Heron (1949) 
Showed by means of a very simple T-shaped apparatus, offering only one choice, 
that animals that were both thirsty and hungry chose food in 100 per cent of all 
cases and that animals that had previously been sated with fóod and drink chose 
drink in 92 per cent of all cases. 
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taneous detour behaviour, a cognitive co-ordination of means to 
end in Tolman's terminology, which Maier himself interpreted 
as true reasoning: everything happens as if, he writes, the rat 
‘said to himself’ that he has never been to F from D2 but that he 
has on the other hand reached F from Dx and that he must there- 
fore go first to Dr . . . etc. Naturally, even as Maier sees it, this 
inference is only implicit in behaviour. 

Hull (1935) went on to show that one can dispense with all 
ith all descriptions in terms of ‘as if”. When a 
I, a part r' of the total r, (goal- 
Dr stimuli, then short- 


higher processes, w 
hungry animal learns sequence I 
response) is conditioned by traces of the 
circuited. When a thirsty animal learns sequence III, the Dr 


stimuli elicit the fractional anticipatory goal response r' and the 
drink provides a reinforcement? of r', a habit already acquired. 
The short-circuit mechanism explains, as before, how it is 
possible for r' to be elicited by stimuli from 8. The two goal 
reactions concerning drink and corresponding to sequences II 
and IV are of equal strength and can be indifferently evoked, one 
or the other, by stimuli from S. On the other hand, if a hungry 
animal is in S and I is blocked, the internal stimuli linked to 
hunger will evoke r’, which amounts to an auto-stimulation 
associated with sequence III and not with sequence IV. It is 
therefore III which will be preferentially chosen. In support of 
this interpretation, Hull derives from the quantitative laws of 
learning contained in his theory a number of consequences which 
Maier’s findings confirm particularly in the matter of speeds of 
locomotion. 

Hull’s ‘demonstration’ does, ho 
of remarks. First, one can see that 
behaviour segments are learned 
Period is not a matter of indifferenc 
III indeed presupposes, according to t 
Successive short-circuits, that sequence II was learned before 
Sequences III and IV. If on the other hand the animal had learned 
II and IV before learning II, it seems that food-reactions in the 
direction of Dr and D2 would have been equiprobable. It is 
curious to note that no one has ever thought of experimentally 


s found in Hull, does not require that the 
an therefore act as à reinforcement for 


wever, call forth two kinds 
the order in which separate 
in the preliminary training 
e. The final choice of sequence 
he explanation by means of 


i The theory of need reduction, a 
reduction be adequate to the need. Drink c: 
a food-response. 

221 


Pierre Gréco 


checking this consequence of Hull's schema.! Secondly, it is 
possible from a more theoretical standpoint to consider that this 
retranslation into SR language brings in quite a number of 
‘intervening variables’. These probably have the effect of ‘shift- 
ing’ the problem to which Maier had given a somewhat meta- 
phorical answer. Hull in effect puts forward a ‘dementalized 
explanation and dispenses with an analogical definition of 
behavioural inference but no matter how associative his model is, 
it does not dispense with the notion of structure. It is in the last 
analysis the principle of short-circuiting which acts as the basis 
for, and operationally explains, the transitivity expressed by ‘III 
leads to Dr which leads to F’, in which Maier had seen the proof 
of a genuine inference. All things considered, Maier's mistake 
was possibly simply that he confused a behaviour structure and 
an inference structure or more precisely that he assimilated 
without more ado a sensori-motor implication to a notional or at 
least a representative implication. 


7 Transposition and generalization of learning: Spence's models 


A more serious indictment not only of naive mentalism but of the 
fundamental structuralism of the Gestalt psychologists is to be 
found in the theoretical generalizations advanced by Spence 
on the basis of experimental facts established with minute care. 
One of the essential arguments of structuralism had long con- 
sisted in pointing to facts of immediate transposition. Such 
transposition was considered by some as a purely structural 
transfer and by others as the sign of an intellectual process of the 
type known as ‘eduction of correlates’. In Kóhler's view how- 
ever, immediate transposition following discrimination learning 
for instance, showed two things: the structural character of even 
the most elementary apprehension of stimuli, and continuity 
between perception and intelligence which he explained by 
their isomorphism. Thus, we have the well-known experiment in 


1 At the same time, one is free t 


which could be applied would be as 
in any 


o doubt whether the experimental control 
crucial as Osgood, for instance, hopes. It is 
case difficult to ensure rigorous control of the different variables. It seems 
to us that if in an experiment of this kind the choice of III was more probable 
than the choice of IV, one could not automatically conclude that rats ‘reason 
as Maier believed. An additional mediatory response would suffice, or so We 
believe, to integrate the fact in Hull’s schema. 
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which chicks, trained first of all to peck grains on a board B which 
was darker than another board A, then confronted with board B 
and a new board C, darker than B, chose C which they had never 
seen before and not B to which the response had been associated 
(Kóhler, 1918). 'This was proof, according to Kóhler, that this 
relatively lowly creature does not react to the absolute physical 
properties of a stimulus (here, the colour-stimulus B) but to an 
organized configuration of stimulations, to the relation ‘B darker 
than A’. When confronted with the configuration ‘C darker than 
B’, it is the relation which is transposed. In the present context it 
does not matter whether we say that the animal ‘perceives’ or 
‘learns’ relations. Kóhler is interested only in the transposition 
itself, the learning phase being negligible in his eyes as if it had 
no other purpose than to teach the bird that it must make a 
choice. The chicken is trained to choose one of two boards, but no 
attempt is made to discover how it learns to do this. The ultimate 
transposition is considered sufficient to show what has been 
learned, or if one prefers ‘understood’. Nor is the ‘intelligent 
behaviour of the chimpanzee interpreted any differently (Köhler, 
1918, ibid.). . | 
Spence, however, on the basis of various experimental studies 
devoted to discrimination learning and to generalization gradients 
of excitation and inhibition, showed that the facts adduced by 
Kóhler (1917, 1918) or by Krechevsky (1932) and explained by 
each of them in terms of ‘hypotheses’ or '(structural) transposition 
Could be better and more simply explained in terms of associative 
learning. Spence's criticism, which he revised several times, 
deserves to be carefully considered. First of all, in his reply to 
Krechevsky he showed that the apparent discontinuity of insight 
behaviours in no way contradicted a continuity theory of progres- 
Sive learning (Spence, 1936). Then he criticized the very -— 
of relation or relativity of stimuli described by Köhler an 
Showed that a response to a relation can be explained with 
reference purely to the absolute properties of stimuli and to 
mechanisms of generalization (Spence, 1937): He then went on to 
elaborate his arguments in various publications. There was his 
Teply to a study by Razran on stimulus generalization in eon 
ditioning (Spence, 1939), followed by his critical review o 
Köhler’s book Dynamics in Psychology (Spence, 1941). À particu- 


arly clear statement of his views is given in two publications, one 
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, ; iscrimination learn- 
theoretical and the other experimental, on discrimination 1 


ized 
ing (Spence, 1940; 1945). There are also two summarize 
accounts of his work (Spence, 1950; 1951). 


62 100 160 256 409 655 1049 


- + 
So So Sı 
= + 


Fig. 3 Dracrammatic REPRESENTATION OF A : 
NUOUS' INTERPRETATION OF DISCRIMINATION LEARNING 
AND OF “TRANSPOSITION? 

(After Spence) -— 
As abscissa, the intensity of the stimulus (sound) in hertz; as ordinata, 
the intensity of the excitation (upper curve) or of the inhibition de 5 
curve). Conditioned at first to respond positively to So and negative Y ly 

S'o, the animal is then presented with So and Sr. It then reacts positiv en 
to S1 and not to So, the excitatory strength y of S1 (the distance betwe 


i : ; th 
the ordinates of the two curves) being greater than the excitatory streng 
x of So. 


‘Contr 


Let us consider a classic 


-— "T se 
Situation of conditioning a respon 
R to a predetermined soun 


d So = 256 Hz. If one then presents 
a sound S'o = 160 Hz, there will first of all bea generalization 2. 
R to S'o: a gradient of excitation has thus developed around . 
but if one continues to present So and S'o reinforcing only 96; a 
gradient of inhibition develops around S'o. These phenom m 
are well established following the work of Konorski and Mi n 
(1934), Konorski (1938) and Hovland (1937). Thus, when ws 
subject has learned to discriminate between So and S'o, one ce 
two superposed gradients of generalization (cf. Fig. 3): a Mme 

gradient around So (shown as a continuous curve in the lies 
and a negative gradient (of inhibition) around S'o (dotted eur i 
They affect a whole range of stimuli, the corresponding "m 
sities of excitation or inhibition decreasing regularly as the va So 
of the stimulus diverges, in one direction or the other, from 


icu- 
and S'o respectively. The excitatory strength of each parti 
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lar stimulus is then measured by the distance between the ordin- 
ates of the two curves representing the gradients. One sees that 
if one presents to the animal S'1 = So = 256 Hz and S1 = 409 
Hz, it will react to S1 because the excitatory strength of Sr is 
Stronger, and not to S'1, although the sound is identical to that to 
which the animal was originally conditioned. Spence later attacked 
the problem of the transposition of relations of size in the chimpan- 
zee and drew up a similar diagram, the variable along the abscissa 
being in this case the size of the stimulus in square centimetres. 


8 Criticisms and discussion 


Unfortunately, subsequent experimental studies which various 
authors based on Spence’s hypothesis or on his schema have pro- 
duced ambiguous results or shown that Spence’s interpretation 
Still called for at least some technical or conceptual adjustments. 

hus, it has not been possible to reach agreement concerning 
the Shape of the curves representing gradients (Spence, 1937; 
Hull, 1939, 1950). 

. Ehrenfreund, who finally unhesitatingly sided with con- 
tinuous interpretations, simultaneously presented two contra- 
dictory experiments. He trained rats in a jumping apparatus to 
recognize an upright triangle A as opposed to an inverted 
triangle B. Forty trials established a response to A, for instance, 
then in the test situation one group of subjects was required to 
Choose A and the other group to choose B. It was found that in 
the second of his experiments the second group was at a dis- 
advantage during relearning—as the continuity interpretation 
Would naturally lead one to expect—but in the first experiment 
relearning was equally quick in both cases (Ehrenfreund, 1948). 
He accounts for this paradox by comparing the experimental 
Conditions in detail. He argues that in the first experiment the 
Tats did not 'pay attention' to the stimulus figures because the 
triangles were drawn in the upper part of the stimulus cards and 
preliminary training was thus limited to partial stimuli of position. 
In the second experiment on the other hand, the jumping plat- 
forms were raised so that during preliminary training the animals 
Jumped up against the stimulus figures which were placed in the 
centre of the cards and it was therefore the whole figure which 


effectively acted as a stimulus. 
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Other authors, repeating similar experiments, likewise itae 
the role of the ‘attention’ paid to the stimuli by the animal. T s 
distinguished between ‘relevant’ and ‘irrelevant’ stimuli (or cu 
Stimuli) and in or ; milation) 
reintroduced a functional Principle of selection (or assimilati wa 
of cues (Lawrence, 1949; 1950). On the other hand, oe À 
trained to discriminate between two clearly distinct porte 
and B and then required to react to two other stimuli C and D, 


A as : x iscrimin- 
achieved transposition more quickly in the final test discri 
ation than animals 


stimuli C and D suc 


ee ae a 
1952—research on the transfer of a discrimination wc os 
continuum), His conclusions, following theoretical elabora 


A SE. the 
of the results, Suggest that while a continuity model based on 
two generalization 


invalidated by the fa 


: : à ion to 
for transfers in which Tesponses have to be reversed in arc 
those acquired during the original training. He stresses the fun 


i, the transfer takes place even when the relearning 
Situation calls for instrumental Tesponses (and not simply con 

ditioned reactions) that are completely different. In thus equa 
'acquisition of distinctiveness’ and the part played by it, one ^ 

introduces, indirectly by Way of functionalism, the relativity 
of stimuli in which Kóhler had seen a Structural principle (aw 
Tence, 1955). And, more generally, when recent studies on trans 

er show the existence and importance of a ‘transfer ae 
Principles’? are we not led back to the idea that learning, 


P : ror 
tions of responses, in fact, P 


] in 
1 Translator’s Note: This is not quite accurate as no relearning was indi 
the case of the animals which received all their trials on the test stimu animals 
rence's actual conclusion was that "learning was more efficient shen | than if 
Were first trained on an easy and then shifted to the test discriminatio 
all the training was given directly on the latter’, 
zC Chapter 13 (Volume 4). 
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3 Thinking and learning 


In continuing to confine ourselves, as we have done so far, to 
Sensori-motor learning in animals, we would run the risk of 
finally denying ourselves through prejudice or method, all access 
to the higher forms of cognition and to intellectual structures in 
What could well be their most original aspect. What is more, we 
tend on many occasions recognized or suspected a dangerous 

ency towards analogy, a kind of sophistry characterized by 
explanations of the 'as if’ type. This amounts to systematically 
Secking the image of higher processes in observed lower processes 
and in confusing isomorphism and identity. This sophistry may 
take one of two opposing forms. The first consists in attributing 
to the most elementary behaviours the properties or the form of 
the highest and thus leads to mentalism. The second imputes to 
Psychological reality its own economy of technique and method 
and thereby leads to operational formalism and to theoretical 
reductionism, 


1 Method and concepts 


À Simple example will serve to reveal this ambiguity in a concrete 
Orm. In studying the child's search for vanished objects (Piaget, 
1953), one can observe the following behaviour from the end of 
the first year. First the experimenter hides, in full view of the 
Child, an interesting object x behind a ‘screen’ A (which may be 
a Dox, a clenched fist . . .). He then slips the hidden object behind 
4 Second screen B and finally takes away A leaving x under B; 
the child first looks for x under A and does not find it. Before the 
age of 11-12 months he will give up at this point and show his 
disappointment, but a little later he proceeds without hesitation 
to look behind screen B.! This can be called sensori-motor in- 
Jerence Or even ‘practical transitivity’ applied to the relation 
Placed behind’, But how can one simply assimilate this behaviour 


* See, for example, J. Piaget, The Construction of Reality in the Child, London, 
Routledge and Kegan Paul, 1955. These observations were first reported in 
The Origins of Intelligence in the Child, London, Routledge and Kegan Paul, 
1953. (Original French edition, 1936.) i 
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Structure to the operational transitivity of asymmetrical xe. pre 
which does not appear on the plane of notional thought unti E 
years later? A definition of intelligent behaviour that was - 
broad and a priori monistic would in this case do away ig 
problem which genetic observation clearly shows to exist. 
shall come back to this point. | ki 
On the other hand, are there not equally great risks in we = 
straight away in the direction of adult thought, verbal or me 
wise, and naturally discursive? The lines of approach and 4 á 
the problems involved require careful discussion. An iis oro 
study of ‘thinking’ imposes particular methodological ice 
on the psychologist. The most obvious of these is that one canno 
study thinking except in its manifestations. At the same time; ! 
the aimis to describe its instruments and its forms of ns. cai 
there is nothing to guarantee that a particular ame nh 
or the steps leading up to it, express or adequately reflect thes 
instruments and these forms. Must one rest content, therefore, 
with discovering, at best, the 'structure of functioning' that $ 
characteristic of thinking, if indeed such an expression IS pt 
amphibological? Or, without pining for the lost paradise © 
philosophical introspection and for the ‘essence’ dear to pheno- 
menologists should we rather look for intellectual structures 
beyond the actual functioning of thought? if 
An operational decision can naturally—and indeed must ! 
science is to go forward—put a term to these speculative souples, 
But is one then entitled to elevate this decision to the plane 0 
theory? ‘Mind is behaviour . - ., postulated J. B. Watson, who 
presumed to add ‘and nothing else’ thereupon quickly ern 
from semiology to explanation without realizing it.* we 
Binet, being more Practical and probably more disillusione : 
affected to define intelligence in terms of the instrument tha 
measured it. One of the most spectacular errors in gapebaloen. 
which arose shortly afterwards, was to impute to intellectua 


1 After giving several definitions of the word thinking, English and English (4 
Comprehensive Dictionary of Psychological and Psychoanalytical Terms, hes 
York, etc.: Longmans Green and Co., 1958, p. 553) give the Sol Svar not 
haviourist definition ‘Subvocal or covert speech behaviour’ but they Sout 
conceal the fact that this meaning, though fairly common, is a away eel 
thinking that masquerades as a definition. Concerning this illegitimate € d 
of operational concepts to the plane of theory, one can consult the very rig 


criticisms addressed by Sigmund Koch to Hull, in Estes et alia (1954). 
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evolution the metrological peculiarities of this instrument.* But 
when Binet finally resigned himself to writing that thought was 
Bux unconscious activity of the mind’ (Binet, 1903), was this to be 
€rpreted as a sally intended to evade a false psychological 
Problem, or was it an admission that his method of controlled 
association and experimental introspection had failed? 

In examining a few facts concerning thinking and its structures, 
lg shall need to undertake if not an inquiry into the nature of 
thinking which would not be within our competence, at least a 
Constant methodological appraisal of technical set-ups and con- 
cepts, which we must consider together since they go together. 


2 Problem-solving tests? 


We shall use the by now classic expression problem solving? 
Whenever we have cause to point out the ambiguity, involuntary 
or deliberate, that exists between the definition of a task—solving 
Problems —and that of a type of behaviour or a mental process.* 
The methodological handbook by T. G. Andrews devotes a single 
chapter to ‘Studying human thinking’. The author of the chapter 
Writes that "Thinking may then be defined as that activity, what- 
ever its nature, by which a person solves a problem'—let it pass! 

he immediately adds this startling specification: ‘an activity 
Which may be more or less thoughtful as the situation is more or 
less problematic'. (Edna Heidbreder, 1948) This more or less 
amounts to asserting that thinking is what enables one to solve 
Problems through thinking! Other handbooks on the other hand, 
Such as those by Woodworth, Osgood, etc., have two separate 
chapters, one on thinking and the other on problem solving. 
Osgood actually includes the word insight in the title of the 
Second. It is clear at least that one can distinguish several categories 


* We refer to the work of L. Bonnis, the methodological absurdity of which 
Wes denounced by R. Zazzo (Intelligence et quotient d'áges, Paris, Presses Univer- 
Sitaires de France, 1946). 

e For a detailed inventory of techniques and findings see above, Chapter 22. 

Translator’s Note: Gréco actually says that he will use this expression zm 
English where he considers it necessary for the reason stated. In fact he only 
does so once, towards the end of the following paragraph, where the words are 
Printed in italics. When they appear elsewhere, it is as à translation of the French 
expression la résolution des problémes. 

4 The dictionary by English and English, quoted above, defines problem- 
solving as ‘the process of selecting from a number of alternatives those that lead 


to a desired goal’. 
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or types of problems, Unfortunately their morphological mr 
fication does not in any way resolve the question of the 
responding classification of the relevant mental processes. T 
Let us consider for example the famous problem of the dn 
dots’ (Maier, 1930), the discovery of a law of double alterna x 
AABB... otherwise known as the ‘temporal maze’ nee 
1931; Hunter and Bartlett, 1948) and a complex doc Tate 
problem such as the Gestalt psychologists have often pus it is 
Ward.! Are they Structurally comparable? In all three ecd of 
Possible (although it may first be necessary to choose pon io cin 
a suitable age) to Observe a ‘search’ which proceeds by A omi 
Steps, in the form of hypotheses and controlled trial and error, 


in this instance be expressly guided by relevant knowledge and "4 
lon of hypotheses based on the terms of a 
€ second problem, it is solved almost imme 

10 one observes either 
ated insights or Progressive but often very 


i i i ent 
that of random learning or partial aie, 
8 any pre-existing cognitive structure, 


is s i nt 
ility to Icact—unconsciously—to continge 
probabilities (Estes, 1957). 


4 : ation 
ls actually constructed are concerned with d an E at 
ABAB (which, unfortunately, is discovered immediately from the ag 
least) but they can be generalized. 
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Rd regarding conservation (for example: does a quantity B 
"E : QW hich is seen at the beginning of the experiment to be 
WS ccm a quantity A, remain equal to it when it is poured into a 
Sad a. vessel in which the level is therefore higher?) can it be 
inc zs ls going beyond the bounds of problem-solving on the 
osi that the subject no longer sees any problem and that 

nality seems to him supremely evident? In this case, evidence 
Points to the necessary character of equality and is not this very 
Necessity the sign of the acquisition of an intellectual structure? 


3 t š ; , 
Mental mazes’ and pre-experimental artifact 


po. the Controversy over insight and groping which may have 
: ruitful historically but is speculatively a little vain, assumes 
qu and not a post-experimental character when we come to 

€ study of thinking. Since it is not possible to give an un- 
ambiguous definition of thinking, one is in danger of discovering 
1n the course of research only what one was looking for. We have 
elsewhere set out a few arguments of this kind to show the initial 
divergence of perspective between a synchronic and a diachronic 
Study of behaviour (P. Gréco, 1959 c) but a synchronic study can 
Itself harbour dangerous artifacts. 

A trivial but classic example is that of ‘mental mazes’. ‘In 
Most Psychological experiments on thinking,’ admits Edna 
Heidbreder (loc. cit., p. 116) ‘the methods employed are adapta- 
tions of procedures first used in studying other psychological 
activities.’ Maybe we can be permitted to deplore the fact. When 
Peterson, in 1920, first had the idea of using non-spatial symbolic 
mazes, he was trying to place the adult human subject in a situ- 
ation as complex and as unusual as that of the rat confronted with 
unknown pathways or the cat shut in a puzzle box. However 
‘mental’ they were, these problems were well and truly mazes that 
had to be learned and Woodworth, for example, did not consider 
them in any other light. Thus he wrote, ‘A maze has a serial 
Character; it presents a series of situations or choice points in a 
Constant order. At each point it presents two or more alternatives. 
Which is right can only be discovered by exploration.’ (Experi- 
mental Psychology, p. 153-) Unfortunately not every researcher is 
as cautious as Woodworth. If ‘problem-solving’ is the way of 
studying how thinking proceeds and if solving consists, according 

231 


Pierre Gréco 


to the definition by English quoted above in a footnote,! in 
‘selecting from a number of alternatives . . .’, one has only to set 
a rather complicated problem to assign a preponderant and even 
an exclusive role to ‘exploration’ at the expense of true intellectual 
'structurization'. 

These considerations lead us on to a fundamental point which 
is that a satisfactory account and explanation of intellectual 
structures cannot be given without recourse to a genetic enquiry. 
If one sets the subject a problem which it is beyond him to solve 
immediately, one runs the risk, already denounced by Köhler 
with reference to Thorndike, of assimilating a priori learning and 
intelligence and of failing to recognize intellectual structures. 
We shall come back to this in 4 below. If the subject is set only 
problems which he can solve immediately, one does get an idea of 
the intellectual structure, by reference to the objective structure 
of the problem, but one is prevented from seeing the origin and 
the peculiar organization of the structure thus revealed. 


4 ‘Concept formation’ : discussion of a classic example 


‘Concept formation’ is a notion at least as ambiguous as ‘problem- 
solving’. The classic experiment on Chinese characters (Hull, 
1920),? on which so many others have been patterned,? will serve 
to make the point clear. The first thing to be noted is that this 
experiment deliberately uses the technique of paired associates 
normally used in the study of memory. Six successive series of 
twelve characters, each containing a different stroke or ‘element’, 
to which a nonsense syllable is associated by way of a n 
first presented at regular five-second intervals with a 
scope. Then six test series of tw 
This time the twelve elements are 


ame, are 
tachisto- 
elve characters are presented. 
not represented in each of the 


different characters. At the beginning of the experiment (‘sorting 
out’ series) the experimenter names each of the characters and 
the subject looks at it for five seconds. With the second series, 
the subject is required to name the character presented to him 
and the experimenter confirms or corrects his response. The 
series is repeated until the subject has learned all the names. 


1 See p. 229, note 4. 2 Cf. above, Cha, 
: A b pter 12 and Chapter 22, p. 16. 
3 Cf. above, Chapter 22, p. 11. : » 
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The experimenter then turns to the next series, in which the 
same elements occur but in characters other than those of which 
the subject has learned the names. The number of presentations 
required, for each series, in order to attain complete recognition 
of the characters gives a measure of learning. The percentage of 
correct responses to the first presentation of each series (27 per 
cent for series 2, 38 per cent for series 3, then 47, 55 and 56 per 
cent of the responses given by the eighteen university students 
used as subjects) is supposed to give a measure of 'conceptuali- 
zation'. It must at the same time be stressed that subjects are 
not forewarned regarding the structure of the material presented 
and that the instructions present the task as a problem of 
memorization and naming, without encouraging them to look 
for common elements. Hull stresses the fact that at the end of the 
experiment, the percentage of recognized characters is higher 
than one would expect if only methodical abstraction of common 
elements were involved. A control showed that learning was no 
better if, during the ‘sorting out’ series, one presented six ‘naked’ 
common elements and six others imbedded in the characters. 
What does this experiment show? Does it show that the 
abstraction of qualities common to different objects (empiricism 
has never doubted that this was the true definition of conceptu- 
alization) proceeds according to learning mechanisms with rein- 
forcements? This is apparently Hull’s view for he expressly 
points out, at the beginning of his study, that a young child 
learns in this way to call a dog a dog (art. cit., p. 5). But Goldstein 
and Scheerer (1941) dispute that calling a dog a dog is an 
activity which belongs on the same plane as that which consists 
in abstracting a meaning. Osgood (1953, p. 667) for his part 
suggests the term labelling and not concept-formation for the 
process studied by Hull.! In point of fact Hull's findings give us 
information on two points. First, they show by means of a 
technique of evaluation which is as precise as it is ingenious how 
a number of empirical schemata are formed through learning, 


1 heless, it is often Hull's vocabulary and conception that prevail. 
qud e in animal psychology (cf. Studies in Concept formation by P. E. 
Fields on the 'development of the concept of triangularity by the white rat’, 
Psych. Monogr., 1932, 9, P- 2) and in many Anglo-Saxon studies of language 
ranging from Bloomfield to Roger Brown. The latter s book Words and Things 
has on the cover a drawing showing a label ‘Words’ attached by a highly sym- 


bolic piece of string to ‘Things’. 
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They include schemata of perceptual recognition and verbal 
schemata or schemata of naming. Secondly, they show us that 
university students have an undoubted capacity for abstracting 
Chinese strokes from the abominably complicated material that 
is presented to them, and this without any encouragement to look 
for what remains the same beneath the apparent diversity. But 
should the intellectual structure which determines the concept 
be sought in the functional process through which a particular 
concept is realized—or is it not already present in this aptitude for 
conceptualizing? A child of four to five, asked to classify counters 
of different shapes and colours by putting ‘all those that are the 
same together’ cannot achieve a subdivision of the set (into dis- 
joined and exhaustive sub-sets), although he is quite capable of 
recognizing the red squares, the blue Squares, the blue circles, 
etc. (Piaget and Inhelder, 1964) and although le 
reinforcement to distribute counters into four piles presents no 
difficulty.! There is probably more to be learned about the 
structures involved in ‘conceptualization’ from Such failure to 
achieve spontaneous classification than from successful learning 
of an empirical classification. At this level, the quantification of 
class inclusions is undoubtedly a more reliable structural index 
than mere categorization according to a common criterion. 
Thus, the experimental learning of a task which the experi- 
menter has made sufficiently complex, or has defined sufficiently 
mysteriously, to give rise to learning, may well give no infor- 
mation as to the intellectual structures brought into play, and even 


arning through 


l heir and diachronic development are not 
isomorphic simply because the experimenter has postulated the 


fact by way of metaphor or for the sake of convenience. ? 


I Specificity of intellectual structures: Gestalttheorie and 
Denkpsychologie 


The opposite method, as it were, consists in looking for structures 
in tasks solved without trial and error, or in the part which is free 


E 1 At least at the age of six, according to an investigation which we carried out 
in 1957 with 12 subjects, in order to Perfect a test on the learning of logical 
Structures which we in fact abandoned because it proved too easy. 

? See below, paragraph 6, and Section 4. 
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from trial and error, and this, too, is fraught with dangers. The 
Gestalt psychologists, concerned mainly with structures, were 
prone to neglect structurizations. Kóhler (1918), delighted to 
find in the chicken or the chimpanzee an immediate trans- 
position of relations, did not concern himself with the 20 to 30 
per cent of subjects which did not transpose nor, as we have seen,! 
with the preliminary learning period. Research of the same kind 
was later undertaken with guinea pigs in Cambridge and revealed 
the existence of Gestaltist subjects and (less gifted) associationist 
subjects (Bartlett, 1932)! Likewise, when Wertheimer spoke 
of a ‘realization of internal structures’, the vicissitudes of the 
realization, whether in adult life or in the course of the child’s 
development, held his attention less than the presence of insight 
and its suddenness. The wonderful but improbable child who at 
the age of five and a half called for scissors in order to find the 
area of a parallelogram (Wertheimer, 1945) must have had, 
besides precocious notions of conservation, a fairly substantial 
experience of cutting out—and probably did no more than cut 
out! When Gauss, at his primary school, ‘structured’ the series 
1 +2 +3... + 8 into four symmetrical sums each making 9, 
according to the anecdote related by Guillaume, he was of course 
Gauss and as such had a sure operational intuition of numerical 
iteration, unless he simply found a 'trick', a fortuitously oper- 
ational Gestalt! In writing that ‘the order which expresses itself 
in physical laws resembles that found in human intelligence’ 
Guillaume (1937) gives to Kóhler's ‘isomorphism’ an expression 
which comes very close to the neo-empiricism of Hull, Spence or 
Skinner. It is, of course, the nature of the order in question which 
constitutes the difference, but it is in any case outside intelligence 
that the order of intelligence must be sought. 

Some psychologists went even further than this. The German 
Denkpsychologie from Marbe (1901) to the Würzburg School (cf. 
Burloud, 1927) and even to Duncker (1935), used experimental 
introspection and verbal associations commented on by the sub- 
ject or pre-oriented by the experimenter, 1n an effort to arrive at 
the structural factors of intelligence through the actual function- 
ing of ideation and especially of reasoning. While they agreed 
that one finds something other than mere images and associations, 
they believed that this irreducible ‘remainder’ was a kind of 


ICE: p.223. 
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eidetic and transcendental consciousness. This conception is 
related to the ideas of Brentano and Husserl even if it is rc- 
christened in terms that may be psychological (Becusstheit), 
Scholastic (intentio) operational (effects of instructions) or 
functional (Ergánzung). In short, this method which set out to 
show the specificity of intellectual structures and which has now 
fallen into utter desuetude, leads us back to logical a prioris. 
This does not satisfy any psychologist of behaviour, particularly 
a developmental psychologist. We refer the reader to Piaget’s 
definitive critique of this kind of logicism, whether avowed or not 
(cf. Piaget, 1950, pp. 25-50). 


6 Reductionism or unification: two recent models 


The ‘reductions’ which we have so far discussed consist mainly 
in operational reductions, Concern for objectivity demands that 
intellectual structures should first be studied by experimental 
investigation of the activities through which they express them- 
selves. What we have at times disputed is whether these activ- 
ities have always been well chosen. Reductionism and unification 
can also proceed by another road, that of conceptual deduction 
and reconstruction. The elaboration, and often also the axiomatiz- 
ation of the great theories of behaviour has progressed sufficiently 
(see for instance Hull et alia, 1940; Estes et alia, 1954) for such 
reconstruction to be both possible and desirable. The interest 
which the behaviourists have explicitly show. 
the last ten years, in the problem of thinkir 
Maltzman, 1955), calls for some reference to 
in this direction even though this takes us 
established fact. 


n, especially during 
hg (see for instance 
what has been done 
out of the realm of 


(A) APOSTEL'S REDUCTION AND ALGEBRAS 


One of the most systematic attempts at reduction was made by 
the Belgian logician L. Apostel. He tried to show that 'the laws of 
learning are such that, regardless of what tasks are set, provided 
that they are sufficiently numerous and complex, one necessarily 
learns behaviours which correspond to classification, establish- 
ment of relations and judgment,’ and thus to logical structures of 


classes, relations and propositional inferences (Apostel, 1959). In 
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outline Apostel's method is as follows: 1) he begins by rigorously 
defining behaviours corresponding to logical notions of class, 
relation, proposition, inference, etc.; 2) he elaborates on the 
axiomatic plane a 'general theory' of learning. In his view, the 
theories of Hull, Tolman and Guthrie could be considered as 
particular cases of this general theory and they appear to contain 
even the theory of learning which underlies Piaget's work on the 
development of sensori-motor intelligence; 3) he shows that this 
general theory can account for the behaviours previously defined 
and finally 4) he evolves the structure of an 'algebra of learning 
operators’. His work is therefore of great importance to psycholo- 
gists, despite the fact that it is purely speculative, since he offers 

at once an axiomatization, a demonstration and a model. 
Without having the presumption to discuss in a few lines so 
rich and so subtle a memoir, we would like to make a few remarks 
concerning the points mentioned. Taking 4) first, it should be 
pointed out that an algebra of operators of reinforcement and of 
extinction (Apostel proposed two versions of unequal complexity, 
B and H) is only a model and not a theory. Apostel himself care- 
fully distinguishes the problem of the algebraic structure of 
operators, and that of the structure of the reactions produced 
by the operators, which has still to be studied through fresh 
experimental investigations. But, on the other hand, what are 
these algebras psychologically, but structures of behaviour and 
physiological substructures? Piaget (1959 a, pp. 51-67) sees in 
them a sign that a ‘logic’ (in the sense in which he himself under- 
stands the term, namely 'general form of the co-ordination of 
actions’) pre-exists learning and is already present in the heredi- 
tary reflex organization, so that it does not derive from it: if 
one goes back from a piece of learning to the one before, one does 
not finally arrive at an ‘empty organism’. Taking 2) next, the 
reduction of the theories of Hull, Guthrie, Tolman and Piaget to 
a common schema probably has the effect of eliminating from 
these theories their theoretical particularities. These, however, 
are not mere speculative luxuries, since they direct the choice of 
facts and experiments (Gréco, 1959 c) and the facts thus obtained 
are not yet sufficient to decide between the theories or to recon- 
cile them. Finally 1) and 3), psychologists are left with the formid- 
able problem mentioned at the beginning of this section which 
Apostel himself dispenses with or deliberately eludes. Even if 
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there is isomorphism between a particular piece of sensori- 
motor behaviour ‘corresponding to’ the logical notion of class or 
inference, and the operational structures of classes or inferences 
as manipulated by a child of 7 or 14, this in no way justifies a 
possible reduction, since the chronological time-lag would still 
require explanation. Depending on the standpoint that one 
adopts, the partial isomorphism between the generalization of the 
Pavlovian reflex, for instance, and the inferential generalization 
of deductive thought appears either as a fact or as a mystery. As 
psychologists, it is of no great interest to us to know that Spinoza, 
Pavlov and Kóhler agree that man is part of nature. Even if they 
did not, we should postulate the fact. The prefiguration of intel- 
lectual structures in elementary behaviour, however, does not 


imply that they are already present in it nor that they are directly 
derived from it. 


(B) D. E. BERLYNE’s ADAPTATION OF HULL's IDEAS 


Another noteworthy attempt in this direction was made by D. E. 
Berlyne. His work on 'curiosit 


to be continuing, and extending to the probl 
of relations, the work which Apostel carried 
of classes. His construction is more closely r 


ommunications theory) 
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acquired through learning. We shall here consider only two 
remarkable points in Berlyne's monograph and note that 1) in 
putting the accent on stimulus-response generalizations (which 
Hull discovered although he actually made very little use of them) 
Berlyne interpreted the stimulus-response connection as an 
active process of schematizing assimilation instead of as a mere 
association through similarity or proximity; 2) in order to explain 
conservations, for instance, he was not content with the copy- 
responses (i.e. responses to stimuli which are made up of what 
Piaget would call ‘states’) which are alone recognized by strict 
empiricism. He introduced a second category, that of 'transfor- 
mational responses! which Piaget would be quite prepared to 
accept. Unfortunately, Berlyne sometimes allows a doubt to 
Subsist as to the distinction between 'transformational responses' 
and ‘representations of transformations’. The fact is that correct 
representation of a transformation is probably not a sufficient 
condition of the operation itself, as shown by some of the results 
of Inhelder and Piaget.! At all events Berlyne admits that hier- 
archical families do not necessarily require preliminary learning 
in the strict sense. Thus the co-ordination of actions can be 
achieved according to internal laws of structurization or, as 


Piaget says, of equilibration. 


(C) FINAL REMARKS 


It is not for us to draw a lesson from attempts of this kind, which 
still require a considerable amount of experimental proof and 
probably also of conceptual refinement. In analysing the work of 
Apostel and Berlyne, Piaget (1959 a; 1960) indicated the points 
of disagreement between them but also and especially the con- 
vergence between these two elaborations (despite their difference 
of origin and intention) and a general theory of equilibrium which 


he himself had begun to form at a time when his ideas had as yet 
n a philosophical novel (Recherche, 


8). This theory which he has since 
hich the latest embodiment is 


found expression only i 
Lausanne, La Concorde, 191 


continually developed and of wl ; 
the recent probabilistic model (Piaget, 1957)? has now reached a 


stage where it requires to be given a more precise mathematical 


1 These are reported above, Chapter 23. "" 
? See also above, p. 201 and concerning learning itself, Chapter 12. 
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expression. All these investigations allow us to hope that we shall 
soon see if not doctrinal unity at least the suppression of some 
controversies arising from mutual incomprehension.! They 
show besides, so we believe, that this whole problem cannot be 
solved simply by theoretical structures or by the Hunt of Pan? 
of experimenters but only by a close interchange between facts 
and ideas. 


4 Logical structures, learning and development 


The problem of the relations between learning and intelligence 
can probably be most categorically formulated in psychogenetic 
terms. Is the child’s acquisition of knowledge to be explained in 
terms of experience? Does the process of intellectual develop- 
ment amount to a set of learning mechanisms? Thus put, the 
question invites experimental controls—and we shall now give 
an account of those that have been undertaken and show what 
they can teach us. At the same time, it brings us back to an old 
epistomological debate: that of empiricism as opposed to ration- 
alism or nativism. 'This is a debate that cannot altogether be 
eluded, even in a study such as this which is concerned mainly 
with techniques and facts. 

A few remarks must be made at the outset. First, it is clear 
that a considerable amount of ‘knowledge’ including specialized 
skills such as reading and writing, and areas of knowledge such as 
familiarity with physical laws or the properties of objects, etc.— 
are direct products of experience and of learning. Indeed, it is 
possible without risk and without additional proof to postulate 
that experience and learning are necessary conditions for the 
acquisition of all knowledge: before a baby can use a support 
as a means of reaching a desired object or before a child of 6-7 
can recognize that two sticks equal to a third are equal to one 
another, there is need for groping and empirical inspection. The 

1 ‘Köhler,’ writes Osgood (p. 625), ‘would have just about as much difficulty 
in really understanding Hull’s Principles of Behaviour as Hull would have really 
understanding Köhler’s recent discussions of the figural after-effect." 


* Translator’s Note: This expression was used by Francis Bacon. It refers to 


the procedures used in the investigation of nature before scientific induction 
was adopted. 
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problem therefore is not to show that learning plays a part, and a 
necessary one, in intellectual development but to determine 
whether the processes and the laws of learning are sufficient 
to account for this development and in particular for the form it 
hich we mean the general structures of thinking 


takes, by w 
e successive stages in the development of 


characterizing th 
intelligence in the individual. 

Secondly, it would be futile for similar reasons to reopen now 
a debate on maturation. Unless one is actually prepared to accept 
Watson's enthusiasm which led him to declare (on the strength of 
a few spectacular results of conditioning and deconditioning in 
children) that it is possible to teach anyone anything at any time, 
one has no need to be reminded that physiological maturation 
imposes strict limiting conditions on the acquisition of skills and 
knowledge. At the same time, the fact that a child of three cannot 
be taught the combinatorial system or transitivity, or even the use 
of a bicycle without stabilizers, in no way endangers the laws and 
theories of learning. The problem which remains, however, is 
to discover whether the combinatorial system is acquired by the 
s as the use of a bicycle or, to take a less crude ex- 
ample, whether a child learns to recognize the conservant and 
non-conservant transformations of a ball of clay in the same way 
as he learns to recognize colours, or the particular function of each 
of the switches in a complex electrical apparatus. 

We shall endeavour to defend the opposite view and to advance 
if not a complete proof and justification at least a number of 
likely hypotheses and a fairly general explanation which will 
serve as our conclusion. We shall take as our first example the 
notions of conservation Or *operational invariants’ normally 
acquired by the child from the age of seven. The way in which 
they are formed empirically or through teaching was studied at 
the C.LE.G.! in 1957-1958. The question 15: Is it possible, 
through suitable training, to make a subject who does not yet 
possess these notions, discover, understand and recognize them 
in a way that is lasting and even capable of generalization? 
Assuming that it is possible, what is this synchronic acquisition 
worth and what are the mechanisms underlying its genesis? 
These questions will lead us to work out more precisely how far 
al @ Epistémologie Génétique, 
kefeller Foundation). 
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experiments can assist learning and to distinguish between opera- 
tional activities arising from the situations and the empirical 
observation of data. We shall then have to define the specific 


nature of the process of structurization and compare it to learning 
processes in general. 


1 Notions of conservation, transitivity and learning 


(A) EXPERIMENT ON WEIGHT INVARIANTS 


Jan Smedslund, of Oslo, studied on a population of English 


directly infer the equality or inequality of A and C? According to 
earlier work by Piaget and Inhelder (1941, 1962), and Piaget’s in- 
terpretation, conservation and transitivity are both based on the 
same operational ‘grouping’ structure, such a structure being a 
fundamental characteristic of what is known as the level of 
‘concrete operations’, It should be noticed, however, that in their 

' form these operations do not im 


nd transitivity of 
whether a subject who 
. 1 The notion of quantity (of substance) is Operationally defined by judgments 
in terms of ‘more sowas Ty "less +++’, ‘the same (or “as much”)... Let us point 
out, in passing, that transitivity-schemata have Dot yet been studied directly and 
systematically but have been shown to exist by the results of experiments on 
seriation for instance (transitivity of asymmetrical relations). 
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does not yet possess these notions can learn one or the other 
after a relatively short series of verifications using a balance; 
3) whether learning one of these notions, assuming that it can be 
learned, immediately leads to the acquisition of the other. 

As a pre-test Smedslund presented two balls of clay of the same 
weight after which he transformed one of them into a cup, then a 
ring and then a cross. Another experimental situation consists in 
removing a small piece of clay from A and transforming B into 
a sausage. To test transitivity, the experimenter uses three balls 
of clay of the same size and of identical or different weight 
(achieved by means of an invisible metal core), or three dolls of 
different sizes of which the biggest is the lightest. The situations 
Present various relations of weight between the three elements: 
à — b and b —cor a <b «cor a = b and b 7 c etc. Out of 
57 subjects between the ages of 54 and 74, 20 (35 per cent) 
passed the conservation test! but only 3 passed all the tests on 
transitivity although 21 made a correct response supported by 
logical argument to oneat least of the transitivity tests. Smedslund 
took into account that the transitivity test brought in a great 
number and an even greater variety of relations, that it presented 
greater visual contradictions and finally that it required, according 
to him, more complex verbal formulations. He therefore used 
various criteria of success and concluded that there was a close 


association between the two notions. 

The subjects who had failed the pre-test qu 2 
used for an experiment on conservation learning and afterwar s 
(three weeks later) underwent a post-test on transitivity. Fifteen 
subjects were used as a control group C which received no train- 
ing, eight subjects were put into an experimental group vesc 
training consisted in various deformations of the ball ir ay (7 
Situations were presented during the first session and 13 E 
them again presented two days later). The Ley eig 
Subjects were put in an experimental group B in whic arr 
included both situations in which shape was changed and others 


compared with those obtained after 
evan schoolchildren (12 per cent 


estions were then 


" ! This percentage appears very ess 
the standardizations of Vinh-Bang on Gen T hich 
Successful at age 6-7, 24 per cent at 7-8, 52 per cent at 8-9) and with those s 


isi: i diocre socio- 
i Parisian children of met 
We ourselves observed on a population of 6—7). The tests were not exactly the 


€conomic status (15 per cent at most at age £ d dm 
Same, but the main point is that Smedslund's subject kamt toa EEES 
cultural milieu and were without question educationally 2d 
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in which the experimenter added or took away clay from one of the 
balls (same conditions as for B). In these training sessions the 
original situation is one in which there are either two balls of the 
same size and of the same weight or two balls of the same size but 
of different weights (3 situations). The changes of shape are 
produced by drawing out ('short sausage’, ‘long sausage’, snake"), 
flattening (‘cake’, ‘pancake’) or dividing (ball divided into 2, 4, 
6 or 8 fragments) but not by crumbling. Each time, the child is 
made to verify, on a Roberval balance, that the original equality 
(or inequality) of weight has persisted (or, in the case of group B, 
that adding and taking away substance have modified it). 
Smedslund took into account not only the accuracy of responses 
but also the quality of the arguments put forward. He established 
that 1) there is very definite evidence of learning in groups A and 
B; 2) group A makes more Progress than group B if one considers 
the number of correct responses but not if one considers the 
number of ‘operational’ explanations (‘because they weighed the 
same at the beginning’, ‘because you've only changed the shape', 
'you've not taken anything away’ . . -)i 3) the acquisition of con- 


in all of them. The table below gives some of the results obtained 


After training 
DEBE a 0 
Conservation Transi- 


tivity 
CR OE CR OE 
Group A (N = 8) 3 o 27 16 = 
Group B (N = 8) 9 1 21 16 gt 
Group C (N — r5) (no training) 3 2 3 I 2t 


Acquisition of conservation of weight (Te Smedslund) 


C.R. = total number of correct responses, calculated over all the items 
of each test. 
O.E. = total number of operational explanations supporting the correct 


responses, calculated in the same way. 
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(B) ACQUISITION OF TRANSITIVITY OF WEIGHTS 


In the experiment on acquisition of transitivity, 13 children 
who did not spontaneously have this notion were divided into a 
control group C of five subjects and an experimental group E of 
eight subjects. Subjects in group E had a learning session on three 
consecutive days. This consisted in the presentation of four 
different situations (thus, twelve different situations in all for 
each subject). A few days later, all the subjects underwent the 
same post-test on transitivity as the subjects in the experiment 
already described (4 situations a = b = c, a >b 7 6a = b >c, 
4 <b <c). In each of the training situations the experimenter 
Presented three objects differing in weight (a > b >c), size, 
shape and colour. The original relations were also presented in 
different orders: a > b, then b > c or else b > € then a b. For 
instance: 


2nd session, 4th situation 

a) the children were made to note that a blue ‘cake’, of medium 
Size, was heavier than a large yellow ring; 

b) they were made to note that the large yellow ring was heavier 
than a small brown square; 

C) they were asked whether the blue ‘cake’ was more or less heavy 
than the brown square and this was followed by verification on 
the balance. 


3rd session, 2nd situation 
@) noting that a large yellow cup is heav 
cake’; 

b) noting that a blue snake of medium size is heavier than the 
yellow cup; 

€) question on the relative weight of the snake an 
followed by verification. 


ier than a small green 


d the ‘cake’, 


To avoid ‘perserverative’ responses eco s e wp 
+... ), learning was confined to asymmetrical re ee rid i 
avoid cue associations which could have led to purely ais 


ative pseudo-learning, care was taken to use various combin- 
ombinations such as those 


ations of weights, sizes (eliminating C dde i 
Where the order of sizes corresponds to that of weights), s [s 
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and colours. The results of this experiment were decisively 
negative, as shown in the following talbe: 


Before training After training 


C.R O.E C.R O.E 


Experimental group (E) (N = 8) 16 z 12 o 
Control group (C) (N = 5) 17 I 8 3 


Acquisition of transitivity of weight relations (J. Smedslund) 


Same notation as in the previous table. Naturally, subjects in the control 
group were given no training and the results in the 'after training' column 
are those of the post-test, administered to both groups after the same 
interval. The fact that there are some correct responses at the beginning 
and at the end of the experiment can be attributed to chance or to recourse 


to irrelevant visual cues which nevertheless coincide in certain cases with 
the relative value of the weights. 


Individual results do not show any greater evidence of pro- 
gress, during or following the training period, according to the 
various criteria applied by the author (some of which are far from 
exacting). Smedslund explains both the occurrence of occasional 
correct responses and the absence of learning in this test by the 
fact that ‘perceptual strategies’ (judgments based on perceptual 
cues) lead to correct responses in some of the situations chosen. 
Thus they are not systematically ‘penalized’ by the record on the 


scales as they were in the experiment on the acquisition of con- 
servation. 


(c) DISCUSSION 


We have deliberately reported this experiment in some detail, 
because it can suggest a number of tests of the same kind and also 
the findings call for several important comments. First, although 
a negative result is not sufficient to prove non-existence, it is 
remarkable that transitivity, which is a truly operational struc- 
ture, cannot be acquired in conditions where it is however 
possible for conservation to be ‘learned’ by some subjects, But 
what is the conservation of weight and what do we mean by 
‘learning’ that weight remains invariant throughout the defor- 
mations of the ball of clay? If, by definition, concrete operations 


do not allow a separation of structure and content, we must ask 
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ourselves whether learning based on repeated verification simply 
gives the subject information concerning the content of the pro- 
posed situations or allows him also to construct new operational 
forms. In considering notions of conservation, it is necessary 
from the epistemological standpoint to distinguish between the 
notion itself (something is conserved)—which we can consider 
with Piaget as the invariant of a group or grouping of transform- 
ations—and the content of the notion (that which is conserved) 
Which the child, like the physicist, can establish only by means of 
empirical observations. In the course of *natural' development, 
that is in the absence of systematic training, it is remarkable to 
find that the conservation which appears first is in fact that of 
quantity of matter’, which Piaget termed ‘substance’. It is a 
quantity which the child, on reaching the age of 6 or 7, declares to 
be invariant although he still believes that the weight and the 
volume vary! Everything is as if, contrary to empiricist supposi- 
tions, intelligence began by constructing à conceptual frame in 
the shape of ‘abstract’ notions of invariance, before learning to 
Interpret experience and thus to determine the physical nature of 
the invariants. Once this is realized the exact significance of the 
acquisition of notions of conservation in Smedslund's experi- 
ments becomes clear. Although his subjects were at most 74 
Years old they were fairly advanced as we have already pointed 
Out (p. 243, note 1). It might have been a good idea to check 
Whether some of them had not already acquired the notion of 
conservation of quantities of matter and if so whether these 
Were not the very children who were able to learn the conser- 
Vation of weight. It is apparent that this learning is neither con- 
stant in all subjects nor total. Consequently, within the limits of 
the experiment, the most that training can do is to cause subjects 


to pass from a level of non-conservation to one of partial con- 
do not too obviously 


Servation (when the visual cues, for instance, t 
Contradict the identity of weights) but in these soportan 
Conservation is only provisional. The results published T me id 
lund are unfortunately not detailed enough to - e ^ a 
Pronounce definitely on this point but he has subsequently un z 
taken further research in Oslo on the same subject. Conditions 0 


1 3 i 

s Translator’s Note: This has now been published in len 

ee 1, 2 and 1962, 3 in a series of seven articles under the gen 
Cquisition of conservation of substance and weight in children. - 


id. J. Psychol., 
heading of The 
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training have been varied (longer practice sessions and greater 
number of empirical controls than in the Geneva experiments, 
training in transitivity by exercises in which the child is asked to 
seriate three or four objects of clearly differing weight by using 
either a balance or simply his sense of weight, etc.). Similarly 
variations have been introduced in the tests used to control 
possible acquisitions (introduction of faked situations, see below). 
The results obtained, despite the fact that numerical details are 
not yet available! confirm those found in Geneva. They bear out 
what we have said and led Smedslund himself to more categorical 
conclusions than those of 1957-58. It appears that transitivity of 
weight is practically never acquired (although there were a few 
exceptions in the case of subjects who were given four weights to 
manipulate and to seriate without a balance). As to conservation 
acquired by training, the faked control experiment on extinction 
of conservation carried out by Smedslund shows how precarious 
it is. The experimenter alters the shape of one of the balls of clay 
and removes a little of the clay unbeknown to the subject. The 
subject predicts equality but the balance invalidates his pre- 
diction. While children who have attained conservation of weight 
in a ‘normal’ way before the experiment are surprised at this 
result and often suspect trickery, those who have acquired con- 
servation through training (given in a form close to that used 
with group A in the earlier experiment) are not surprised at 
all and have no difficulty in explaining this result by arguments 
referring to the perceptual appearance of the objects and thus 
belonging to the pre-operational level: ‘it’s heavier because it’s 
longer, or wider, or rounder. , .' etc. 

It therefore appears that the effectiveness of learning based on 
external reinforcements, or at least on empirical verification 
(since many learning theorists would dispute the equivalence of 
verification and reinforcement), is limited to the content of notions 
and does not extend to the structures themselves, It could be said 
that it substitutes for true notions (i.e. operationally constructed 
concepts) pseudo-notions which are in fact only contingent and 
provisional. It will be seen later that these conclusions need to be 
qualified. What does seem clear is that experimental results of 


. x Translator’s Note: These details can now be found in the articles mentioned 
in the previous note. At the time when this chapter was written, however, 
Smedslund had produced only an unpublished report. 
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this kind go against the classical empiricism of the philosophers 
and of the early behaviourists and against those of the S-R type 
of learning theory which, explicitly or covertly, are bound up 
with this kind of empiricism.! Objective events and external 
sequences are not the sole source of intelligence. So wrote 
Smedslund at the end of his unpublished report. 'Cognitive 
development,' he concluded, ‘is a function of internal conflict 
and of reorganization (even) in the absence of external reinforce- 
ment.’ The basic concepts serving to explain the evolution of 
intelligence are, he believes, those of ‘assimilation and equili- 
bration’. These affirmations are all the more significant that 
Smedslund had at first shown some reservations in the face of 


these notions dear to Piaget. 


(D) OTHER RESULTS 


We shall quote the findings of three more of Smedslund’s 
experiments. The first of these, in which an attempt was made to 
induce notional learning without external reinforcement, directly 
confirms his previous conclusions. The notion chosen was that 
of quantity of substance, which does not admit of any empirical 
control since it could only be verified indirectly through the 
conservation of volume or weight. The situation devised by 
Smedslund consists in inducing a ‘cognitive conflict’ in the child. 
Thus, given two identical balls of clay A and B, which the child 
recognizes to be equal, the experimenter proceeds to remove a 
little clay from B and then alters the shape of B so that it appears 
to be ‘bigger’ than A. After a series of exercises of this kind, 
Smedslund found 4 subjects, out of 13 children aged 5-7, who 
succeeded in affirming conservation and in justifying it by 
‘operational’ arguments (nothing added, nothing taken away’). 
This result may appear low but it is distinctly superior to that 
obtained in a set of other tests in which external reinforcement 


1 One can note, with S. Papert, that although the followers of Hull have 
frequently denied that their empiricism was so schematic and as they would 
say so *outmoded', the stimuli S of which Hull speaks in his theory were thought 
by him to correspond, term for term as it were, to the variables s of objective 
events. Besides, this kind of empiricism rises periodically from its ashes and is 
reincarnated in the ideas of various educationists (Anglo-Saxons especially or 

Pavlovian than Pavlov himself) or psychologists who 


Russians who are more 1 1 , 
see in it a means of exorcizing mentalism and ‘philosophy’. 
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was used (2 cases of learning among 103 subjects). Smedslund 
sees in this a sign of ‘purely internal equilibration’, since there 
can be no direct measure of equalities. 

The second of Smedslund’s results is a negative one but it does 
at least serve to show that not only is repeated empirical verifi- 
cation insufficient to lead to the formation of structures but that 
it is meaningless to the subject unless he can assimilate it within 
a previously established frame of reference. Smedslund (1963) 
discovered this when he repeated the experiment on horizontality 


liquid when the bottle is tilted in Various ways. Those who do not 
predict horizontality are told to observe the liquid level carefully 
while the bottle is being tilted. Then they are once more asked 
to predict the level. Improvements are practically nil, even when 
the child is asked to choose between several model pictures 
instead of making a drawing himself. To observe the permanence 


ions as these cannot be made, or 
unless a frame already exists. 
oning as one might well have 


: | as purely a matter of observation 
and direct perception of external data, 


Thus we find that the va 
who was far from making su 
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of his research converge in a way that must convince us that the 
development of intelligence, at least at the level of concrete 
operations, is neither simply the product of empirical learning 
nor simply a matter of breaking free from visual appearances. 
Pure empiricism and rationalist a priorism, which paradoxically 
co-existed peacefully in some genetic psychologists of the intro- 
spectionist period, such as Ribot or even the great Alfred Binet 
in his early works, must now be ruled out of court. The history 
of individual intelligence appears as a construction, and not as a 
succession of emergences. Repeated observation of facts is not 
enough to produce it but on the other hand its categories and its 
operations are not preformed and ready to appear as a result of 
a simple internal dynamism or of the inhibition, through experi- 
ence, of ‘false convictions’ such as the ‘perceptual strategies’ 
mentioned by Smedslund. Thus it is presumably legitimate to 
speak of learning in so far as there is acquisition of new concepts 
and modification of behaviour as a result of practice (‘it is only by 
functioning, once wrote Piaget in his preface to a work by André 
Rey, that intelligence becomes structured’). But what is this 
learning? Three series of experimental findings will help to throw 


light on this question. 


2 Empirical observation and operational practice 


(A) ACQUISITION OF NUMERICAL INVARIANTS 


The American psychologist Joachim F. Wohlwill (1959) studied 
by means of non-verbal techniques (choice according to a model 
as used by Kohts and Harlow) the development of notions of 
number and went on to examine the formation of concepts of 
conservation of sets. The apparatus consisted in a vertical panel 
with three windows each displaying a different stimulus card. 
A counter was hidden behind one of the windows and the instruc- 
tions were to find it at once by referring to a model-card. The 
purpose of the card was briefly explained to the subject in the 
verbal presentation of the experiment and was made clear by a 
pretest. The stimulus cards had respectively 2, 3 or 4 points and 
the model-cards likewise had 2, 3 or 4 points variously arranged. 
The subjects were thus invited to choose according to the cardinal 


value of the sets of points. After six consecutive correct choices, 
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followed by various transfer tests, the main test was adminis- 
tered. It consisted in presenting stimulus cards with 6, 7 0r8 
points and placing collections of little buttons in front of the 
panel instead of model-cards. The first time, the collection was 
set out in exactly the same pattern as on the corresponding 
stimulus-card. Then the model-collection was altered either by 
displacement of the buttons (‘conservation items) or by clearly 
visible addition or subtraction of an element ('addition-sub- 
traction' items). Naturally the child was not allowed to count. 
The actual test consisted of: 


— three conservation items, serving as a pretest; 


— six learning items: there were two experimental groups. 
With the first of these (group C) these were once again conser- 
vation items, while with the second group (AS) they were 
addition-subtraction items; 


— three conservation items acting as a post-test. 


All subjects then underwent a verbal conservation test accord- 
ing to the usual techniques used by Piaget and Szeminska (1952). 
Fifty children aged 52 to 6$ approximately were divided into 
three groups; group C with 15 subjects, group AS with 19 sub- 
Jects and a ‘supplementary’ group composed of the 16 subjects 
who were successful from the beginning with the first three items 
but who were nevertheless given the same practice as those in 
group AS. 

The results of this brief and elegant experiment were reported 


by Wohlwill with great subtlety of detail and interpretation. 
Three conclusions can be drawn: 


1) The positive effects of learning as seen from the results of 
the non-verbal test (success in the last three items after training) 


are relatively few in number (9 cases out of 34, thus a little more 
than 25 per cent); 


2) They are more numerous in group AS (37 per cent) than 
in group C (13 per cent); 

3) Success in the non-verbal test, following training, does not 
always lead to correct responses to the verbal conservation 
questions (4 cases out of 9 show discordance). Similarly out of the 
16 subjects in the supplementary group, who succeeded in the 


non-verbal test from the beginning and who were in addition 
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given practice with AS items, only 6 gave correct judgments of 
conservation in the verbal test.1 

Complementary tests on transfer (stimulus cards having a 
different cardinal value, which supposes a capacity for abstracting 
cardinal value) and tests in which an ordinal-cardinal corre- 
spondence has to be established benefit from what has been 
learned on the plane of conservation. Taking into account the age 
of his subjects and some aspects of the results, Wohlwill con- 
cluded that effective learning in these conditions is probably 
confined ‘to the few children who were already on the point of 
outgrowing non-conservation'. He likewise pointed out that the 
acquisitions lacked stability and generality. It is true that we 
should not be unduly pessimistic in view of the fact that the 
training periods were very short. 

The fact remains—and this is the most important result as far 
as we are concerned—that however precarious the conditions of 
learning, recourse to operations or actions of addition and sub- 
traction proves much more effective than the mere variation of 
perceptual arrangements. On the other hand, classical laws of 
learning, nowadays interpreted much more broadly it is true, 
state that effectiveness of transfer rests on similarity between 
situations. Subjects in group C should have been at an advantage 
in this respect—yet this did not prove to be the case. We can 
therefore, without doing violence to the author's ideas,? draw 
from his work two important conclusions. The first is that 
cardinal notions are certainly not acquired (or not only acquired) 
through an associative and generalizing mechanism of the con- 
cept-formation type, as has been supposed by many Anglo- 
Saxon psychologists and ‘figuralist’ educationists who attach 
paramount importance to perceptual appearances. The second is 
that the notion of conservation is indeed an operational notion 
(linked fundamentally to reversible operations of addition and 

1 The author, who is a convinced behaviourist at least from the technological 
standpoint, nevertheless recognizes that it is possible to use this as an argument 
against the use of non-verbal methods in the study of logical notions such as 

can it be assumed that equivalence which is recog- 


equivalence. For instance, ! nat a : 
a ice-behaviour can be assimilated ipso facto with a recog- 


nized at the level of choice- |l x 

nition of notional identity? 'The counter argument is to say that when a subject 

is required to make a verbal affirmation, his response is apt to be disturbed by 
urely linguistic factors. . . | . . 

j 2 Wohlwill accepted these conclusions during the discussions which followed 


the presentation of his work at a Symposium held in June 1958. 
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not to intuitions of permanence). Hence it is learned through 
operational practice and not through generalizations based on 
appearances. What must be 'reinforced' in order to achieve the 
acquisition of these notions is not the responses associated to an 
equivalent class of stimuli but genuine inferences. We can thus 
state more definitely what some of Smedslund's! results had 
already suggested from a different angle. 


(8) QUANTIFICATION OF CLASS INCLUSION 


These interpretations were confirmed by the results which Albert 
Morf obtained after very detailed research into children's 
learning of logical quantification of class inclusions or (if one 
prefers) learning to understand the relations between parts and 
the whole (Morf, 1959). The experimenter presents a collection 
B made up of two sub-collections A + A’ (with, for example, 
A > A’). (The number of elements is small enough for all of them 
to be simultaneously perceptible and intuitively comparable), It 
is ascertained that the child correctly recognizes the Bs, the As 
and the A’s and that he understands that all As are Bs but that 
not all Bs are As, etc. He is asked to decide whether there are 
more As or Bs. Until the age of 7, the majority of children are un- 
able to understand the question because they are unable to under- 
stand except in a verbal way the relation of inclusion and they 
evade the problem by comparing the disjoined sub-classes A and 


methods which can be formulated as follows: 


I. Method based on observation of the result. B and A are 
first evaluated separately then compared by means of various 


! Smedslund however did not Observe, either in Geneva 
ing using addition and Subtraction helped children to 
conservation of weight. But, as W i 
be due to the continuous or disconti 
cerned. 
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procedures appropriate to the material (counting, aligning and 
measuring spatial extension, etc.)+ 

II. Method consisting simply in allowing the child after a 
number of ineffectual observations to handle the material freely 
in play; 

III. Method based on operational practice: a) a collection B’ 
is added and C is presented as an inclusive class (C = B + B’). 
This logical inclusion is symbolized by means of two pieces of 
string. One is tied round the Cs and the other round the Bs 
(thus the logical inclusions are concretely represented by topo- 
logical inclusions as in Euler circles); b) a series of varied situ- 
ations is used to demonstrate overlapping classes. T'he children 
are made to realize that some objects can be characterized as 
belonging to two classes at once, etc.? i 

Three groups of findings emerge from Morf's very detailed 
Observations: 1) Method I based on empirical comparisons of the 
quantities involved led to ‘numerous and important learning 
effects in the realm of observation itself . . .’. The child ‘can quite 
quickly learn behaviours of comparison, direct and simultaneous 
evaluation and prediction even’. But: 2) ‘Not once does he suc- 
ceed in overcoming the obstacles which prevent him from 
deductively stating that B > A’ (art. cit., pp. 51 and 77). None of 
the 58 4-to-7-year-old subjects trained by Method I came up to 
the criterion for operational comprehension of inclusion. 

3) The only subjects who succeeded after practice and who 
then generalized immediately to analogous situations were found 
in the groups trained according to Methods II or IIb. Even here 
success was rare. In the first case, 2 out of 43 subjects were 
completely successful and 7 showed marked improvement while 
in the second 7 were successful out of 30. 


(C) INTERPRETATION 


As the different groups were comparable in respect a age uem 
original level of responses, the lack of ieri. at 

i i n terial is presented; the relations 

! Morf calls this the ‘cyclic method’: the ma rese: 
between the classes are ascertained; the next set of material is presented and so 
on. After presenting the sixth and last set of materials, the experimenter goes 
tc. 

back to the first set, then the second, etc. E TT 


2 The reader should refer directly to Mor À 1 a : 
variants and gives detailed information concerning the formulation of instruc: 
s ent in general. 


tions and the conduct of the experim 
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observations is clearly established. A particularly curious and 
interesting case is that of subjects who, after a number of obser- 
vations (Method I) came to acknowledge or to anticipate that 
À + A' >A but who obstinately refused to state or to admit 
that B — A (22 cases out of 58). One might think that since 
B = A +A’, the misunderstanding is purely verbal but detailed 
study of subjects’ responses, arguments and resistance together 
with a subsequent control by Morf (he asked 13 of the 22 children 
concerned to compare B and A + A’ and found that 11 of them 
considered that the whole was bigger or smaller than the sum of 
its parts) showed that the two judgments A + A’ > A and B >A 
have in fact a very different notional status. What exactly is the 
difficulty that this problem presents to children of 5 to 7? Clearly 
it does not lie in understanding that the yellow cars and the blue 
cars together make up the collection of Cars, nor that they are all 
made of plastic, etc, There is no doubt about this since a pre- 
liminary check is made to ensure that the child understands 
these things. Nor does the difficulty lie in conceiving that if one 
adds the blue cars to the yellow there will be a greater number of 


another to construct it in accordance with a law of operational 


composition, of which the formal expression would be: 
A+A -BeB-AIAO. 


Several classes, in othe 
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(multiplicative) compositions. As against this, training based on 
the perceptible representation of inclusions (Method III a) 
remained completely ineffective (15 subjects) and did not give the 
subjects any of those Gestalten by which Wertheimer explained 
syllogisms of inclusion. The divorce between perceptual and 
operational processes is very obvious here. As to the very rare 
cases of success following free manipulations (Method IT), one 
has only to read the protocol set out in detail by Morf (art. cit., 
Pp. 56-58) to find the explanation. As the child plays with the 
material, he makes fortuitous or deliberate arrangements and in 
so doing he is really manipulating classes and sub-classes. Thus 
free activity amounts here to spontaneous operational practice. 
A fundamental ambiguity, which we have not declared until 
now so as not to appear to prejudge the solutions, can now be 
brought to light. ‘Experience’ and ‘learning’ can denote two very 
different processes. If experience consists in simply ‘reading’ 
the raw data and if learning is nothing more than the stamping in 
of responses directly associated, by whatever mechanism, to 
objective sequences, then clearly the structures of intelligence do 
not proceed from them. But if one preserves the right to affirm 
that intellectual development is dependent on experience and 
learning, then one must assume that experience and learning are 
concerned with the handling of action- and operation-schemata, 
in connection with objective situations certainly, but in the 
direction of an internal co-ordination. Several concrete examples 


of this emerge from the facts reported above. 


3 Learning and structurization 
(4) INVERSIONS OF LINEAR ORDER THROUGH ROTATIONS 


OF 180° 
We must therefore be careful to distinguish between empirical 
learning and operational learning or, more p bee 
learning in the strict sense and structurization. We be ieve that 
we have succeeded in establishing this distinction following a 
series of research studies in which we compared the child’s 
acquisitions in two different conditions. The first is when the 
Situations are morphologically similar but structurally different 
and the second is when various methods of presenting the data 
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are used apropos of the same structured situation. We first chose 
the problem of double inversion through rotations of 180? (P. 
Gréco, 1959 a). Three beads A, B and C are aligned on a rigid 
support. The child first notes the order of the beads, then the 
Support is concealed in a horizontal tube which is rotated once, 
or twice consecutively, through an angle of 180*, each time in the 
same direction. The child must predict the ensuing order of the 
beads (CBA or ABC, which we shall call ‘inverse’ or ‘direct’) 
when the tube is removed folloy ving the rotation(s). We know for 
a fact that the effect of a double rotation is deductively anticipated 
(and explained as inversion of inversion) towards the age of 7. 
Seventy-eight subjects ranging in age from 4} to 6 were divided 
into five groups: 


a) A reference group made up of 9 subjects who were success- 
ful right away; 


b) A control group made up of 8 subjects drawn by lot; 
c?) An experimental group D of 22 subjects (see below); 
c?) An experimental group S of 19 subjects; 

c?) An experimental group V of 20 subjects, 

In addition, for purposes of comparison, there was: 


d) A second reference group made up of ro subjects above the 
age of 7 who were successful from the beginning. 


We deliberately chose a logico-geometrical situation because 
the transformations involved are physical displac 


à ements, which 
the child can see and follow with his ey 


es in space. At that age, 


i Method. D: single training session; single-rotation items 
until the subject fully recognizes (as evidenced by at least five 


consecutive correct responses) the permutation of ABC into CBA, 
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and of CBA into ABC; double-rotation items until the subject 
recognizes the invariance of the order consequent upon these 
two rotations; mixed sequence of one-rotation and two-rotation 
items until the subject succeeds in discriminating between 
situations where ‘it changes’ and those where ‘it stays (or comes 
back to) the same again'. All the subjects examined succeeded, 
after a varying number of items, in satisfying these learning 
criteria. 

— Method S: several training sessions at the rate of two 
sessions a week, each comprising a fixed sequence of 1o + 18 
items, as follows: 10 one-rotation items (dispensed with from the 
the second session onwards if complete success was achieved in 
the first), followed by 18 items made up of 4 one-rotation items 
(repeated each time), 10 mixed one-rotation and two-rotation 
items of which the sequence was too complex to be learned and 
4 successive two-rotation items. The criterion of success was a 
correct solution to the 18 items presented at each session. All the 
subjects attained this after a number of sessions varying from one 
to eight; 

— No specific method was applied to group V but attempts 
were made to find out whether there was a method of presenta- 
tion which would lead to immediate discovery of the ‘law’. The 
methods tried included a ‘free’ method in which the child can 
manipulate the material as he wishes, methods intended to facili- 
tate perceptual apprehension such as using a translucent tube 
or putting marks on the tube to indicate the original position of 
A (or C), verbal teachings and explanation, and an ‘analogical’ 
method in which a disk is rotated with the effect that a black 
sector takes the place of a red one and vice versa, etc. These 
various methods produced absolutely negative results and their 
only interest lies in proving that the fact of perceiving events does 
not imply that they are understood and that the problem set 
before the children did genuinely involve an operational struc- 


ture. 

As all the subjects in groups D and S were successful after 
training, the next step Was obviously to check the stability and 
generality of their acquisitions. The controls took the form of 1) 
an actual post-test (administration of the S series of items one to 
three months after the successful test; 2) generalization tests 


including items with 3, 4 or 5 successive rotations; 3) a test to 
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check the possible 'transposition' of the law of double ee 
a P . S ; > 
tion toa rotating disk with 6 elements, the questions referring 
the permutations of diametrically opposed elements). 


% of correct responses 


Number Trans 
of Groups Pre- After Post- General- T sio 
subjects : test training test ization po: 
8 Control group (b) o 0+38 oco d 
Experimental 
groups (c): yö 
22 Method D o 100 o+18 o+9 ee 
19 Method S o 100  84--16 26+53 1 +5 
20 Other procedures o 10 10+0 5+5 9 
Reference groups: m 
9  (a)(age 5-6) 190 78--22 66-422 33 Kien 
xo (d) (age 7-8) 7° 70+30 go+1o 40 


Acquisition of double inversion of linear order (P. Gréco, 1959) 


(Extract from general table of results; art. cit. p. 147) r 

Despite the small number of subjects, the results were expressed 2 n 
a percentage to make them easier to read. The subjects’ ages ^ 
groups b and c ranged from 43 to 6. The subjects in group 4 vieni 
children of 5 to 6 preselected on the grounds of spontaneous PES 
in the test. Those in group d were a random sample of Ls ad 
7 and 8. The subjects trained according to methods S and D descri f 
in the text continued their training until they were fully success : 
The post-test is the basic test which was administered some bra 
after the end of the training. The control tests concerned jin 
generalization of the law to cases involving 3 4 or 5 wm 
rotations, or else the transposition, following permutations, of t 
diametrically opposed points on a disc. es 

In each case, the first indicates the percentage of complete success ate 
and the second the Percentage of partial successes, defined for sie 
test according to criteria designed to indicate a marked improveme 
or a predetermined level of structurization. 


It is probably true that the two forms of training S and D are 


1 : edo 
comparable only from the point of view of the imposed criteri 
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of success and not, for instance, from that of the total time taken. 
The dispersion of the number of attempts required by different 
subjects to achieve success is similar, however. If one accepts that 
Method D favoured learning of an associative or discriminative 
type, in which external reinforcements arising from observations 
would serve to link appropriate responses to particular types of 
situations while Method S favoured an intelligent re-elaboration 
of the subject's inferential schemata, then the results summarized 
in the foregoing table constitute massive evidence: 1) All children 
of 41 to 6 are capable of learning to solve the problem, that is to 
anticipate the effect upon linear order of one or two rotations of 
180°. They can, however, learn it in two very different ways; 2 

‘Empirical’ learning, oriented towards simple factual observations, 
leads to provisional knowledge which is quickly lost (there were 
more than 80 per cent complete failures at the post-test adminis- 
tered one to three months after the end of training). Such know- 
ledge cannot therefore be generalized or transposed in a lasting 
fashion to related situations. A subsequent control that we carried 
out revealed that immediate transfers (directly following learning) 
do occur but they are precarious, unstable and limited to situ- 
ations presenting a close perceptual analogy with the learning 
situation; 3) 'Structural' learning hypothetically resulting from 
the articulation of inferential schemata leads to a lasting cognitive 
organization (no complete failure at the post-test administered 
after the same interval as before). This organization is to some 
extent generalizable and transposable to the situations chosen as a 
control. Generalizations and transpositions remain distinctly 
inferior to those observed in either of the reference groups (the 
5 to 6 year-olds and the 7 to 8 year-olds) which are made up of 
subjects who have already acquired the relevant notions without 


experimental training. 


(B) TWO KINDS OF LEARNING 


The radical distinction between these two types of learning is 
clearly apparent if one analyses the evolution of performances 
during training and also the spontaneous or induced verbal 
comments of the subjects. As there are various technical reasons 
against comparing learning curves, we chose instead to examine 
response sequences. It was clear from these that 'structural' 
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learning does not proceed by trial and error. The experimental 
conditions (ie. the mixing of one-rotation and two-rotation 
items) were not conducive to stamping in good responses and 
stamping out the bad. Thus, the subject cannot ‘get by’ except 
by realizing that the invariance which follows two successive 
rotations is the product of a double inversion. With Method D, 
however, such invariance was learned as a regular, but not "d 
‘necessary’, occurrence. The children's formulations are signifi- 
cant in this respect. In short ‘understanding’ in this experiment 
consists in co-ordinating the schema of inversion as an involute 
operation, as opposed to simply linking an event (or a type of 
event) to a particular given situation. This view can also account 
for the stability of acquisitions, their generalization to any num- 
ber of successive inversions and their transposition to situations 
that are perceptually dissimilar. It can also account for the 
limitations that are Part of such transpositions since the schemata 
that are thus co-ordinated do not yet have the organization 
characteristic of true operational structures. We have accordingly 
termed them ‘quasi-structures’. In this particular case, they are 
induced by experimental practice but we have since found many 
examples of them in various fields of natural cognitive develop- 
ment. Since 1960, thanks to the combined efforts of the logician 
J. B. Grize and the psychologists of the Centre international 
d’ Epistémologie génétique, a formalization is in progress with a 
view to conferring on these quasi-structures a more precise 
status than they can derive from mere operational description. At 
the same time, it will indicate their lacunae and limitations and 
help to show how these ‘weak structures’ assist in the formation 
of well (or better) structured operational notions. 


(C) EMPIRICAL LAWS AND ‘NECESSARY’ LAWS 


Finally we tried to compare the acquisition of a structure such as 
double inversion with that of a law which was morphologically 
similar but arbitrary and empirical (P. Gréco, 1959 b). The child 
is shown single or double boxes (the latter consisting of two single 
boxes one on top of the other). The boxes have a sliding drawer 
and at each end there is a coloured spot which may be red or blue. 
The ‘law’ consists in discovering that the double boxes have the 
same colour at both ends (red-red or blue-blue) while the single 
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boxes have opposite colours at each end (red-blue or blue-red). 
The experimental technique is to show the colour of one end and 
ask the subject to guess the other after he has been told that 
*there is a trick which will give you the right answer every time if 
you can discover it’. A succession of items is presented in which 
single and double boxes, with a visible red or blue end, are 
mixed in the same order as the one- or two-rotation items in the 
preceding experiment. There were a hundred trials. It was found 
that out of the subjects below the age of 7, there was only one case 
(out of 12) in which the law was discovered whereas at age 7-8, 
8-9, 9-10 and with adults, it was eventually arrived at although 
the number of trials required varied considerably (from 2 to 66). 
Intra-group variability is actually higher than that found between 
different age groups. The number of trials required is from 20 to 
27 according to groups, the dispersion of performances is com- 
parable except that none of the 20 adults (apart from 2 aberrant 
cases who were 'sophisticated" subjects) required more than 23 
trials. Indeed eight of them immediately made a hypothesis in 
accordance with the law (on the grounds that it was 'the most 
plausible’). The interest of this experiment, however, does not 
lie in considering the genetic evolution of inductive behaviours 
but in comparing the processes of discovery with the learning 


processes examined above. 
We find that the curves 
except for one, all failed to 
are similar to trial and error 
and with no trace of ‘local’ 
learned, for instance, that 


for the 6 to 7 year-old subjects (who, 
discover the law during the 100 trials) 
curves, with a slight tendency to drop, 
learning (i.e. none of the subjects 
with single boxes the colours are 


opposed). On the contrary, error curves plotted separately for 
single-box and double-box items are symmetrical so that when 
one rises the other falls. It is as if the child was successively 
trying out the hypotheses of ‘opposition’ or ‘identity’ of colour 

inguish the cases where this one or that 


without being able to disti | i 
one is deside, We later verified (unpublished research into the 


inductive discovery of predetermined and arbitrary laws) that in 
a situation of this kind a planned method such as Method D in 
the preceding experiment leads to quicker success (but before the 
age of 6 the law is quickly ‘forgotten ) 

The curves for 7 to 11 year-old subjects, reduced to a common 
scale whatever the total number of trials required to discover the 
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law, are more like insight curves, in that the cessation of one 
(the drop to zero) is nearly always sudden. In the stages whic 
Precede discovery, errors tend rather to increase (from 30 to 50 
per cent on an average). és 
À more detailed analysis of response frequencies and sequenc 4 
including a Comparison of the performance in the two prem 
ments of the various groups of subjects (classified in the m 
experiment according to the training method adopted and in “ 
second according to the type of curve) reveals remarkable n " 
gies and especially differences. It is clearly apparent, in particu 4 M 
that the ‘opposition’ and ‘identity’ of colour anticipated by ia 
Subject do not have at all the same status as inversion or p 
ance of the original order had in the other experiment. bes 
first case, we are in the presence of response-schemata, linke he 
empirical situations which the subject perceives as such. In e 
Second case we find inference-schemata—whether correct ef 
applied or not—linked to situations of which the content ^d 
admittedly empirical but of which the form is perceived by the 
subject to be ‘logical’ (in the broad sense of the term). Ju 
necessity and logical necessity are not to be confused here. In th 
first case learning consists essentially in associating ni 
Tesponses with appropriate situations while in the second i 


experience—accordingly vary in relation both to the operative 
Structures which the subject has at his disposal at the pos anie 
and to the hypotheses Which he forms regarding the propose 

situation (or, of course, the hypotheses which can be artificially 


1 It seems clear to us that these laws cannot themselves be anything other than 
laws of nature, but the question belongs to metaphysics. i ras 
? Operational structures are only a particular instance of operative structures. 
For a definition of the term ‘operative’, see Chapter 23 above, pp. 87. d do 
? We refer in particular to the learning sets described by Harlow an 
all the sets that can be induced by various procedures, as in the many well known 
experiments on mental rigidity, etc. Cf. Chapter 22, p. 31. 
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(D) THE LOGIC OF LEARNING 


These conclusions which are in fact somewhat banal when stated 
in general terms appear much more cogent when shown as above 
to rest on a number of categorical facts. It is remarkable that they 
should have been reached in very different fields by authors who, 
while they collaborated in a programme of research, nevertheless 
had rather diverse preoccupations and inspiration. Thus, they 
were arrived at by M. Goustard after studying children of 5 to 11 
and adolescents as they solved a maze problem similar to that 
which he once used with cockroaches (Goustard, 1959). In 
particular, they were arrived at by B. Matalon in one of his 
studies on learning in a random situation, in which he compared 
such learning with the learning of regular laws (double alterna- 
tion) (Matalon, 1959). He noted that in these situations the 
subjects "learn more than simple response probabilities (and) link 
each attempt to previous events'. He was thus led to distinguish 
between stimuli, operationally defined by the psychologist, and 
‘events’, grouped or otherwise, which are the stimuli as perceived, 
assimilated and organized by the subjects, as a function both of 
their individual mental structure and of the conditions affecting 
the apprehension of stimuli, results, reinforcements, etc. In this 
way, the ‘determination of truly operative stimuli, would stem 
from a genuine ‘logic of learning’. These results can be compared 
with all those obtained in classical learning situations, from the 
already distant studies showing that the initial behaviour of rats in 
a maze is not random but depends on previous acquisitions 
(Dennis, 1932; Dashiell, 1935, etc.) to recent research by J. F. 
Richard (1960) from which it transpires, among other results 
minutely analysed according to information models, that adults 
required to learn to put out various lights by discovering 
the appropriate switch proceed from the outset according to 
coherent strategies. We cannot however presume to impute to 
these various authors conclusions similar to those that follow. 


who are 


4 Tentative conclusion 
We must distinguish « priori between not only two but three 


varieties of learning. . . 
1) Learning in which the subject acquires new behaviour, 


265 


Pierre Gréco 


adapted to a situation which is at first unknown to him. The con- 
solidation of this behaviour is essentially to be explained by the 
sanctions which experience confers on the more or less arbitrary 
or random attempts and predictions of the subject. The laws of 
reinforcement. (or conditioning) would suffice in this case to 
explain the process of acquisition and the very nature of the 
knowledge thus acquired. However, it is clear that even in this 
extreme case the discrimination of stimuli and the effectiveness 
of reinforcement are dependent on the organism’s structures OT 
on previous learning. This variety can therefore be included in 
the next, 

2) Learning which consists in ‘induction of laws’ (physical 
laws or arbitrary regularities) in which experience and obser- 
vation serve to confirm or to invalidate ‘hypotheses’. The process 
of acquisition and the quantitative or qualitative value of what is 
acquired can no longer be explained merely by the volume (and 
mechanism) of reinforcements. They must be referred to the 
motor or cognitive structures which define either the subject’s 
level of development or his state of preparedness for the experi- 
ment, The basis of learning is no longer an S-R association but an 
assimilation (in the sense in which Piaget uses the term) of reality 
to the subject's Structures, with the distortions that are apt tO 
result from such assimilation and also with the repercussions On 
mà Structures themselves that can sometimes occur. This leads 

0: 

3) Structural learning or, more exactly, structurizations based 
on experience, in which the function of experience is to dis- 
concert, to upset previously established schemata by showing 
their inadequacies and possible internal contradictions. This is 
what happens to a child who observes, in the double-rotation 
experiment, that ‘it turned round and yet it didn’t change’ or who 
IS made to note that as a ball of clay is rolled into a ‘snake’ it 
becomes extremely long (which at first leads one to think that it 
15 getting bigger) and at the same time extremely thin (which 
Suggests that it is getting smaller). 

Experiments are in progress using classical tests presented without external 
reinforcement in situations where perceptual cues are exaggerated. Cases of 
‘learning’ in the course of the tests are rare but do exist. They amount to 10 
Per cent at age 6, 20 per cent at 6} and the acquisitions appear to be stable when 
a post-test is administered two months later. In addition, since this chapter was 


written, systematic research on the effects on learning of different kinds of train- 
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This structural learning, which we have shown to be original 
and irreducible to purely empiricist explanations, consists in a 
re-elaboration of schemata which are at first incomplete and 
disparate. This re-elaboration must have its own laws which go 
beyond the classical laws of conditioning and reinforcement. 
"They probably give us the key to what may seem to a develop- 
mental psychologist at once problem number one and a paradoxi- 
cal wager: accounting for the specificity of the general structures 
of intelligence, in relation to the synchronic acquisition of par- 
ticular habits, knowledge and solutions, and yet at the same time 
explaining their relationship and making it clear that functioning 
and thus experience in a sense, is essential to their progressive 
genesis. It is well known that Piaget found it necessary to dis- 
in this connection, between two kinds of experience: 
elating to the properties of objects and the 
results of action and what he calls logico-mathematical experience 
which also refers to objects and to states but at the same time to 
actions and above all to their co-ordinations.! It is also known 
that the laws which govern the evolution of this second type of 
experience and which give it increasing co-ordination and cohe- 
sion are considered by Piaget to be laws of equilibration, more 
general in character than the laws of learning. He has put forward 
a subtle probabilistic model applicable to the laws of equilibration 
which will probably require further refinement and quantification 
(Piaget, r957).? The present efforts of logicians such as J. B. 
Grize or S. Papert are concerned less with finding an approxi- 
mate mathematization of this model than with constructing for- 
mal models of the relationship of structures. In other words, 
their first aim is to isolate the numerous intermediate structures 
whose general co-ordination into a single system, equilibrated and 
non-contradictory, would define the levels of intellectual develop- 
ment. Naturally, psychologists have for their part undertaken the 
experimental identification of these pie meti and of their 
evolution taking as their guide (but not as their goal!) the heuristic 
instrument provided by the logicians concerned (cf. Apostel, 
Grize et alia, 1963): 


tinguish, 
physical experience r 


i bal, empirical, etc.) has been undertaken at Harvard under the direction 
one S union with the assistance of experimenters trained in Geneva and 
directed by Bürbel Inhelder. 
1 See Chapter 24, P- 198- 2 See also Chapter 24, p. 201. 
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In establishing a priori distinctions just now between three 
varieties of learning we were not implying that they are discon- 
tinuous nor that they are three irreducible and incompatible 
psychological processes. On the contrary, the transitions which 
we indicated and the notions of schematism and assimilation 
which we introduced clearly show that we recognize a complete 
functional continuity between the three varieties. We do not in 
the least renounce a unitary explanation. Monism, however, is 
one thing and reductionism another. If there really is functional 
continuity, we must not be surprised to find the equivalent 
of what will later be recognized as intellectual processes at the 
most elementary levels and even in the biological sphere. 
Assimilation, generalization, etc. are terms which henceforth 
belong to the vocabulary of neurobiology as well as to that of the 
psychology of intelligence. The term ‘structure’ likewise, despite 
the fact that it is still too often used in a metaphorical or im- 
precise manner. The logical formalization of intellectual struc- 
tures is in no way a mentalist option. Direct experimental study 
of these structures in preference to the study of problem-solving 
and concept formation etc. is not the outcome of an intellectualist 
bias, provided one has been careful to situate these structures in 
the concrete context of their evolution. The fact that certain syn- 
chronic acquisitions can be adequately explained by means of 
associationist models and empiricist theories does not mean that 
every acquisition, and in particular every diachronic acquisition, 
can be reduced to these by atomistic analysis or by assimilation 


thought, since there is a time lag of several lustra between the 
first and the second. If it is true that even where the ethology of 
lower or elementary behaviours is concerned, ‘the era of the 
empty organism’ is past, then it is clear that the analysis of 
behaviour, intellectual or motor, and of acquisitions, whether 
attained in adult life or in the course of the child’s development, 


can be deliberately centred on the study of structure and struc- 
turization. 
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